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Driver Judgments 


-as Influenced by 
Lighting at Intersections 


Vehicular 


Reported by ! NICHOLAS G. TSONGOS, 
Highway Research Engineer, and 
RICHARD SCHWAB, Electrical Engineer 
Traffic Systems Division 


Introduction 


HE DRIVER’S behavior at a street 

intersection is a complex series of judg- 
ments and decisions. As he approaches or 
waits at a nonsignalized intersection, the 
driver visually searches the other legs of the 
intersection for oncoming vehicles. If a vehicle 
is approaching, he probably estimates the 
distance and speed of that vehicle and the 
maneuver that its driver is likely to make at 
the intersection. He then weighs these 
judgments and decides whether or not it is 
safe to enter the intersection. 

These judgments become more complicated 
at night. The lighted headlamps may make 
it easier to detect the presence of the oncoming 
vehicle, but glare from them makes speed and 
distance estimates more difficult. When no 
fixed source illumination is present at the 


1 Presented at the 49th Annual Meeting of the Highway 
Research Board, Washington, D.C., January 1970. 
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The speed of an oncoming vehicle and its distance away 
are difficult factors to estimate at night because of 
headlight glare. 


intersection, details of the surrounding en- 
vironment are lacking, and the oncoming 
headlights will aggravate the visual task, 
which is already difficult. 

In the last quarter century, several improve- 
ments have been suggested to control headlamp 
beams and improve the night driving environ- 
ment. One of the most promising methods for 
reducing headlight glare and improving night 
visibility is to use linear polarizers on the 
headlamps, positioned 45 degrees from hori- 
zontal, and a parallel analyzer or viewer 
through which the driver views his surround- 
ings. As two vehicles so equipped approach 
each other head-on, the polarizer on the 
headlamps of the one vehicle is crossed with 


The effects of headlight glare on drivers’ judgments and decisions at a right- 
angle, nonsignalized intersection were examined in an experiment conducted in 
a dark rural environment on an airport runway. Twenty male drivers, in two age 
groups of 10 drivers each, were exposed to different degrees of glare from both 
conventional and polarized headlights and were asked repeatedly either to judge 
the last safe moment to start across the intersection ahead of an approaching 
test vehicle on the crossroad or to actually perform the crossing maneuver. 

Statistical analyses of the results of the experiment, reported here, indicate 
that different lighting modes produced significant differences in drivers’ re- 
actions. Under the more glaring conditions, longer gap-acceptance times were 
required, and there was more variance in the data. According to the drivers’ 
evaluations of glare discomfort, the two polarized high-beam systems studied 
were superior to conventional high beams, but conventional low beams were 
least bothersome. 


requirements are less critical. 


the analyzer on the other vehicle, and no 
direct glare is transmitted to the driver. Most 
of the research on polarized headlighting has 
dealt with target detection and other visibility- 
type situations of head-on encounters between 
two vehicles. Little or no attention has been 
given to right-angle situations at intersections 
where glare alone may be the most important 
variable affecting driver behavior. Yet as the 
driver moves from the rural environment into 
the suburban environment, the frequency 
of these right-angle encounters increases. In 
the suburban environment, gap acceptance is 
a critical parameter for headlamp design 
because speeds are lower and the sight distance 
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In a recent study by Tsongos and Weiner 
(1)? an isolated, unlighted, suburban inter- 
section was observed both during the day and 
at night. Differences in the driver’s day and 
night gap-acceptance probability were noted, 
particularly near the ends of the gap-size 
distribution. The nighttime driver was more 
likely to reject a very short gap (2 to 3 
seconds) than his daytime counterpart. It is 
at this part of the encounter that the dis- 
ability-glare phenomenon approaches its maxi- 
mum and that even small errors in judgment 
can become critical. 

Because almost all the vehicles observed in 
that study were using low beam headlamps, 
it was not possible to determine whether glare 
was indeed a factor in the rejection of short 
gaps. However, with at least one of the com- 
mon analyzer designs suggested for a polarized 
headlighting system, glare would be increased 


2 Italic numbers 'n parentheses identify the references 
listed on page 15 


2 


Figure 1.—Layout of experimental intersection. 


in the right-angle situation. The purpose then 
of the experiment reported here was to control 
the degree of glare exposure, using both con- 
ventional headlamps and polarized lighting 
with two different types of analyzer systems, 
and evaluate driver behavior while gap- 
acceptance judgments were being made. 


Test Procedures 


The experiment was conducted on the two 
runways of the airport operated by the U.S. 
Department of Agriculture at the Beltsville 
Agricultural Research Center. As this airport 
was closed at night, environmental conditions 
for the experiment could be closely controlled. 
The environment was that of a dark rural 
area with no extra-vehicular light sources. 
The test was performed only in a clear 
atmosphere and on a dry road surface. 


A highway intersection was simulated at a 
point near the intersection of the two runways, 


each of which was approximately 34 of a mile 
long. The running surfaces had recently been 
repaved with a black asphalt overlay on 
which two 12-foot lanes had been outlined 
with 4-inch nonreflective, white, solid edge 
markings and a dashed centerline. A part of 
one runway consisted of a 3,200-foot-long, 
constant-grade approach on the subject 
driver’s right side. 

The subject driver was stationed in a 
vehicle sitting at the intersection, as shown 
in figure 1. A test vehicle was stationed on 
the 3,200-foot, constant-grade approach at 
the right end of the runway. On command, 
the test driver turned on his vehicle’s lights, 
accelerated to constant speed, and traveled 
down the lane nearest the subject, approach- 
ing the subject vehicle at a right angle. Once 
the test driver had passed the subject vehicle, 
he returned to the starting point and set up 
for the next run. Mobile radios provided 
communication between the test driver and 
the experimenter. 
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In the first of two procedures used in the 
experiment, the judgment series, the subject 
was asked to judge the last safe moment to 
start across the intersection ahead of the 
test vehicle and to signal his decision by 
pushing a large 6-inch-diameter metallic button 
located on a stand just outside his window. 
In this procedure, the subject kept his ve- 
hicle stationary while reacting. In the second 
procedure, called the performance series, the 
subject actually performed the crossing ma- 
neuver. Which one of the two procedures was 
to be used for a given run was signaled to 
the subject by one of two lights located 
across the intersection, which was switched 
when the approaching test vehicle was 1,600 
feet from the intersection. A red light was 
used to indicate a judgment run and a green 
light to indicate an actual crossing. 

It was believed that the semidynamic 
procedure would allow for better control of 
the stimulus condition and would have less 
inherent variability. Accordingly, it was 
possible to use fewer subjects under more 
experimental conditions. The fully dynamic 
performance procedure did have a_ higher 
degree of realism, more closely paralleling 
the real-world driving situation, but it also 
involved some accident risks. For this reason, 
the semidynamic judgment procedure with 
only one car moving, was used to carry out 
the bulk of the experiment. Eight fully dy- 
namie runs with both vehicles moving were 
interspersed with the semidynamic runs in a 
random pattern that kept the subject’s 
responses realistic. 

When the red light was on and the subject 
signaled his decision by touching the large 
metallic pushbutton, an _ electrical pulse 
started a transistorized timer, which con- 
tinued to operate until the test vehicle, on 
entering the intersection, crossed a pneumatic 
tube connected to an air switch (fig. 1). The 
elapsed time between the moment of decision 
and the arrival of the test vehicle at the 
intersection was thus recorded to the nearest 


Table 1.—Driver age and vision characteristics 





Vision characteristics 















































Driver! Age2 Phoria Acuity 
_ = Stereopsis 
ep 
Vertical Lateral Right eye Left eye Both eyes oat 
Younger group 
z 2 ie - 

Years | Percent 

1 23 0.17 —0. 66 20/20 20/17 20/18 88. 5 
2 1 lil Bee 90/33 | 90/29 | 20/25 | 76.5 
3 20 117 33 20/20% 3) 20/185 F" ss90/1S. am 102, 4 
4 23 . 50 4.33 20/22 | 20/29 | 20/22 96. 0 
5 20 Aulys 1,33 20/20 | 20/18 20/20 96, 0 
6 21 . 50 —.66 20/20 20/22 20/20 88. 5 
i 20 nile 2.33 20/20 | 20/18 | 20/17 106. 5 
8 21 . 50 1. 33 20/18 | 20/18 20/18 102. 4 
9 19 lk P), 8333 20/17 20/20 | 20/20 96. 0 
10 20 ails 2. 33 20/22 20/25 | 20/22 88.5 

Older group 
1 62 0. 50 —1. 66 20/22 20/20 20/18 103. 6 
2 60 5 AW == 66 20/18 20/18 20/18 102, 4 
3 70 silky 7.33 20/29 26/40 20/29 56. 6 
4 60 1. 00 5. 33 20/25 20/22 | 20/22 76.5 
5 53 sitll . 33 20/20 20/18 | 20/18 56. 6 
6 51 ply 1.33 20/20 20/22 | 20/18 84.4 
7 57 . 50 4.33 20/22 20/20 20/18 103. 6 
8 54 ran lis 1.33 20/25 20/25 | 20/29 | 76.5 
9 50 iy 3. 33 20/20 20/20 20/18 76.5 
10 54 50 —. 66 20/17 20/17 | 20/17 96. 0 
| | 














1 Average driving experience: Younger group—4.5 years; older group—85.8 years. 
2 Average age: Younger group—20.8 years; older group—S7 years. 


millisecond. The gap size was measured in 
seconds, and this measurement was con- 
verted to distance based on the constant 
speed of the test vehicle. Because the test 


vehicle had obtained this predetermined 
velocity before the 1,600-foot point, the 


coustant speed assumption was valid. 

When the signal light was green for the 
performance run, the subject vehicle crossed 
a pneumatic tube placed immediately in front 
of its front tires to start the timer. Otherwise, 
the instrumentation was the same. 

To provide an additional stresser to the 
experimental situation, an opposing vehicle 
was placed across the intersection from the 
subject vehicle. During all the performance 
runs and half the judgment runs, the head- 


lamps of the opposing vehicle were turned on, 
These headlamps were operated in the same 
mode—the modes will be described later 
those of both the subject and test vehicles. 
At the start of an experimental run the sub- 
ject was required to observe the signal lamp 
approximately 15 feet to the left of the op- 
posing vehicle, as shown in figure 2. At this 
time some of the headlamp operational modes 
subjected him to considerable glare, and his 
visual adaptation was somewhat elevated, 
But when the test vehicle was 1,600 feet 
away, and the signal lamp was turned on, he 
could shift his visual attention toward the 
test vehicle and, consequently, was no longer 
influenced directly by the headlamp glare 
from the opposing vehicle. 





as 





Figure 2.—Test vehicle with high beam approaching intersection during experiment. 
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DISCOMFORT GLARE EVALUATION 


Driver: 


Age: 


Set No? 


No Problem i) 


Bothersome Pl 
Very Uncomfortable 


Blinding ba 


Date: 


ee 


Run No: 





Figure 3.—Subjective evaluation form. 


The first group of drivers were primarily 
college students in their early twenties who 
had a minimum of 2 years driving experience. 
The second group, mainly nonengineering 
personnel from two local highway depart- 
ments, was selected to evaluate the effect of 
driver’s age on the experiment. All drivers 
in this group were more than 50 years of age. 

Berg (2) has shown that older drivers are 
much more sensitive to glare than younger 
drivers. Both contrast threshold and recovery 
time after exposure to glare are relatively 
constant among individuals until they reach 
approximately age 40 to 45, after which both 
characteristics deteriorate rapidly. It was 
therefore hypothesized that the older group, 





Figure 4.—High intensity headlamps—(a) without analyzer, (b) with analyzer. 


The test vehicle was driven at a constant 
speed for each experimental run. To avoid 
having to use distance cues, four test vehicle 
speeds—20, 30, 45, and 60 m.p.h.—were used 
for judgment runs, and two test vehicle 
speeds—20 and 45 m.p.h. for the performance 
runs. The order of the runs was completely 
random. To minimize the effects of repetitive 
learning and of fatigue on the results, no 
subject knew the type of test to be run until 
he received his order to react. A total of 40 
experimental runs was made by each subject. 

Upon completion of each experimental run, 
the subject was asked to complete a sub- 
jective evaluation of his discomfort caused 
by the glare to which he was just exposed. 
A sample of the evaluation form is shown in 


) 


figure 3. 
ixperimental Drivers 


Two groups of 10 licensed male drivers were 
recruited to participate in the experiment. 
Except for two drivers, one from each group 
who required 2 nights, each driver completed 
all 40 of his experimental runs in 1 night. 


4 





Figure 5.—Test vehicle. 
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although having more driving experience, 
would do relatively poorly as a group in 
visually judging and reacting to the types of 
situations in these tests. 

On the day that he was scheduled to 
participate, each subject arrived at the test 
site after dark and was taken immediately to 
a trailer parked about a half mile from the 
intersection where he received a standardized 
vision test. The results of the 20 vision tests 
are shown in table 1. Any subject who nor- 
mally used eyeglasses when driving used them 
in all the test phases. Before the subject left 
the trailer, some biographical information was 
obtained from him, and he was given a set of 
written instructions on his participation in 
the tests. He was taken to the intersection 
only after the equipment was set up and 
operating. Each subject was given two prac- 
tice runs, one performance and one judgment, 
before the actual experiment began. 


Vehicular Lighting Medes 


Each of the three vehicles used in the 
experiment was equipped with the following 
four types of lighting systems or modes: 
Conventional low beam, conventional high 
beam, polarized high beam with visor, and 
polarized high beam with glasses. Only one 
system was employed at a time, and all 
vehicles displayed the same mode during each 
run. 

Polarized light looks like ordinary light 
when it is received by the naked eye, but 
when it is viewed through a suitable analyzer, 
it behaves differently. As early as 1920, 
F. Short and L. W. Chubb pointed out that 
a polarized-type headlighting system was 
possible (3). Their approach would provide a 
light-lock system with adequate illumination 
for objects on the road between approaching 
vehicles to be visible, but from which neither 
driver would receive glare directly from the 
headlamps of the other vehicle. Viewed 
through a crossed polarizer, the approaching 
vehicle’s headlamps would be perceived as 
very dim spots of light about as noticeable 
as parking lamps (fig. 4b). In a recent series 
of studies by Roger H. Hemion, et al. 
(4, 5, 6), polarized lighting systems were 
investigated and shown to provide more 
effective illumination for the highway vehicle- 
meeting situation than conventional systems. 

Because it was the purpose of the experi- 
ment reported here to study gap-acceptance 
behavior under different degrees of glare, a 
polarized system and two types of analyzers 
were used to control glare. One of the ana- 
lyzers, a form of visor, was attached to the 
normal sun visor to give the subject good 
elare protection as he looked straight ahead 
at the signal light and opposing vehicle; of 
course when he looked at the test vehicle, 
the subject’s vision was exposed to a glaring 
intensity similar to that of the conventional 
high beam. The other analyzer, in the form of 
a pair of eyeglasses, was worn by the subject 
and moved with his head. The degree of 
protection afforded by the second type of 
analyzer reduced the glare from the test 
vehicle to nearly that of a conventional low 
beam for this right-angle situation. 
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Each vehicle used in the experiment was 
equipped with the standard 12-volt, 5.75-inch- 
diameter, type 4001 and 4002, sealed beam 
headlamp system. The low-beam and high- 
beam filaments respectively required 50 and 
37.5 watts for operation. The headlamps were 
conventionally mounted on a horizontal line to 


PERFORMANCE TEST 


conform to Motor Vehicle Safety Standard No. 

108. Two additional 5.75-inch-diameter, type 
4001 headlamps, rated at 100 watts, were 
mounted just inside the other lamps and, for 
the polarized system, replaced thelower-wattage 
4001 unit. A photograph of the test vehicle 
taken shortly after completion of the study is 
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Figure 6.—Mean gap-acceptance distance for each lighting mode and age group, 20 and 
45 m.p.h. 
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Figure 7.—Distribution of gap acceptance for each lighting mode, performance tests. 


Table 2.—Summary of analyses of variance, lighting mode combinations 














Test | Source of variation ! 
antennae = | 
L&H | pee L&V H&G H&V G&V 
ea ened i= 
Judgment: | | | 
ERT GLO eee ee ee ee. tee Sole 3. 02 | 1. 58 4,44 0.176 0. 190 0. 670 
Significant at 5 percent level (2.97)______| yes no yes no no no 
Performance: | | 
LP) TRA oa a oe ee ee | 4. 67 0. 033 6. 18 4.52 0.16 Teo 
Significant at 5 percent level (4.41)______ yes | no yes yes no yes 
| 





1 L=Low beam. 
H= High beam. 
G= Polarized beam with glasses. 
7=Polarized beam with visor. 


shown in figure 5. The additional lamp just 
to the right of the license plate had not yet 
been installed when the experiment was con- 
ducted. For practical reasons, the lamps of 
the opposing stationary vehicle were mounted 
on a test stand directly in front of the vehicle, 
instead of on the vehicle itself. These station- 
ary lamps were powered by a 12-volt battery, 
which was charged continuously to maintain 
the same intensity of illumination throughout 
the experiment. To produce polarized beams, 
dichroic filters were placed in front of the 
headlamps and alined to set the vibration 
plane of the emergent light at 45 degrees to 
the horizontal plane. The axis of the analyzer 
had the same orientation and, therefore, was 
perpendicular to that of opposing headlamps. 


Results 


To combine the data from the runs at differ- 
ent speeds, the gap-size data—elapsed time 
between the action taken (decision) by the 
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BLINDING 6 


VERY 
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subject driver and the arrival of the approach- 
ing test vehicle at the intersection—was first 
transformed into distance, based on the appro- 
priate test vehicle speed. An analysis of vari- 
ance was performed on each experimental 
series to determine whether the observed 
differences in gap-acceptance means were real 
differences or were due to variance in the 
experimental situations. As expected, there 
were significant differences not only between 
lighting modes in both the judgment and 
performance tests but also between age groups 
in the performance test. 


Lighting mode 


The data were further analyzed to ascertain 
which of the lighting modes contributed to 
these differences. A summary of these analyses 
is given in table 2. The data from both the 
performance and judgment tests indicated 
statistically significant differences at the 5 
percent level of confidence between the low- 
beam-high-beam combination and between 
the low-beam-—polarized-beam-with-visor 
combinations. The data from the performance 
test alone showed significant differences be- 
tween the high-beam—polarized-beam-with- 
glasses combination and between the polarized- 
beam-with-visor—polarized-beam-with-glas ses 
combination. The latter differences are prob- 
ably due to the driver’s alertness during the 
performance runs and the stimulation from 
the involved risks, as the tests had been 
performed under more realistic conditions. 

In general, it can be concluded that the 
drivers required a slightly longer gap in 
traffic to enter the intersection when the glare 
level was highest—high beam and polarized 
beam with visor. This difference in gap 
acceptance usually was no more than 50 feet. 
(See table 3.) For the performance run, the 
mean values for all 10 drivers of each age 
group are given in figure 6. Comparable data 
from the 20- and 45-m.p.h. judgment run are 
also shown in figure 6. These two sets of data 
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Figure 8.—Discomfort-glare evaluation for each lighting mode. 
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show similar trends; the small differences in 
the judgment runs were due largely to the 
experimental situation. 

As shown in figure 7 for the performance 
runs, the high beam and polarized beam with 
visor produced almost identical distributions 
of gap size. Greater variability was observed 
in runs using these two lighting modes (table 
3 and fig. 7). The data for low beam and 
polarized beam with glasses, although again 
clustered about the same points, demonstrated 
much less variability. The data from the 
judgment runs were much the same, but the 
differences were less striking. 

The test situation was developed to deter- 
mine the effect of glare from an approaching 
vehicle oriented 90 degrees to the subject’s 
vehicle. The visor in the subject’s vehicle was 
mounted on the sun visor and protected the 
subject only from glare directly ahead. When 
the subject turned his head to look at the test 
vehicle approaching from his right, he was no 
longer protected by the visor and, conse- 
quently, received approximately the same 
glare intensity as that of the high beam. The 
glasses, on the other hand, provided protection 
regardless of which way the driver turned his 
head. Accordingly, it would seem that glare 
level was the prime factor that caused the 
differences in test results of the four lighting- 
mode conditions. 


Discomfort ratings 


As mentioned previously, the subjects were 
asked to evaluate their discomfort at the 
completion of each run. The results of their 
evaluations are shown in figure 8. As expected, 
in both age groups, the low-beam condition 
was rated best, the high-beam condition 
worst, and the two polarized conditions in 
between. In all probability the polarized 
condition with glasses would have received 
lower discomfort scores had the drivers been 
able to aline the axis of their glasses perpen- 
dicular to the axis of the polarizers on the 
approaching vehicle. Such alinement is easy to 
accomplish in a head-on situation, but when 
the approaching vehicle is at 90 degrees, the 
normal tilt of the driver’s head makes aline- 
ment more difficult. Two of the 20 drivers, 
both in the older group, objected to the 
polarized glasses and used them hesitantly in 
the runs. Their objections probably were due 
to the general hesitancy of older people to 
wear glasses. 

Contrary to expectation, the 
rating of discomfort was somewhat lower in 
the older group of subjects. Individuals more 
than 50 years old generally have a higher 
sensitivity to glare; consequently, it was 
expected that they would experience more 
discomfort. One explanation for the lower 
rating is that these subjects over compensated 
in their subjective evaluations, due to the 
fact that they usually have more difficulties 
with night driving. Another possibility is 
that this particular group was not typical of 
the over-50 category. 

It was much more difficult to recruit the 
older subjects, and it is likely that the selected 
individuals in the older group had _ better 
visual abilities than would be suggested by 


numerical 
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the normative data published for that age 
group. 

Statistically significant differences were 
shown by the performance runs of the two 
age groups. In figure 9 the distributions of 
the two age groups for each lighting mode 
are compared. The older group had a higher 
variability and possibly required some- 
what longer distances to perform the task. 


Speed 


The effect of speed on gap acceptance was 
examined for the four speeds used during the 
experiment. 

In the judgment runs, the difference 
between lighting modes at different speeds 
was not significant, but on the performance 
runs, the interaction of speed and lighting- 
mode differences was statistically significant. 

According to figure 10, gap acceptance 
times associated with high-glare lighting 
modes were longer during the performance 
runs. The lower speeds produced longer gap 
times, which presumably was due to the 
driver’s uncertainty in judging the speeds of 
the oncoming vehicle. 


Discussion and Summary 


The study reported here was designed 
primarily to determine the effect of approach- 
ing vehicles’ headlight glare on gap-acceptance 
behavior at a right angle intersection. In 
general, the four vehicular lighting systems 
employed could be divided into two sub- 
groups—those that produced at the eye of 
the subject driver a low level of glare and 
those that produced a high level of glare. 
There was a consistent pattern of differences 
between the lighting modes, especially under 
the fully dynamic test condition in which 
the subject was forced to take risks. Under 
the more glaring conditions, the subject 
drivers required a longer gap-acceptance 
time and there was more variance in the data, 
although the variance was not large enough 
to cause the two distributions to overlap 
completely. When exposed to the high-glare 
conditions, the subjects never accepted gaps 
quite as short as those that were accepted in 
the extreme low-glare conditions. Therefore, 
the high-glare conditions appeared to make 
drivers behave more conservatively and to 
induce a somewhat greater margin of safety. 

The advantage of low glare headlight 
systems in terms of gap acceptance was 
significant, but whether the relation has any 
practical significance is questionable. In the 
tests, the gap-acceptance differences were 
small; however for the older group of subjects 
in the performance study, differences in mean 
values between extreme conditions were as 
much as 100 feet or more (table 3). Such large 
gap requirements might have an adverse 
effect on traffic flow, particularly when a 
high volume exists, as during the evening 
peak hours on the main road. If a polarized 
headlight system is employed to obtain the 
superior forward, head-on visibility that other 
studies have shown it to have, then more 
effort should be concentrated on the design 
of a better analyzer or viewer system to give 
drivers glare protection from the side. This 
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may be especially desirable for older drivers, 
although it has been shown in several studies 
that older drivers drive little after dark. 

There was evidence from the study that a 
satisfactory analyzer could be designed for 
use in a polarized headlight system. A polarized 
system in which a visor protected the driver 
only from oncoming glare produced much 
the same gap acceptance distribution as the 
high beam mode, because the visor was in- 
effective for sidewise glare protection. The 
situation was improved by use of glasses 
which did provide protection from the sides 
also. 

In the performance studies, the younger 
age group usually had lower gap-acceptance 
values and showed less variability in their 
performance than the older group. In the judg- 
ment studies, the differences were less sharply 
defined; both groups had the same pattern 
of acceptance values for the four lighting 
modes. For the right-angle approach situation 
studied, the majority of drivers in both groups 
expressed the opinion that either polarized 
lighting system was better than conventional 
high-beam lamps, but that low-beam lamps 
were least bothersome of all. 

No significance difference among vehicular 
lighting modes at the different speeds was 
shown by the experiment. As might be ex- 
pected, the minimum distances that the sub- 
jects considered safe for gap acceptance at 
low speeds were less than those accepted at 
higher speeds, however, in terms of time gaps, 
the gaps were somewhat larger at lower speeds. 

A comparison of the data obtained under the 
two methods of study—performance and 
judgmental—indicated that only the fully 





Table 3.—Mean gap acceptances and standard deviations 






dynamic test situation gave valid results for 
the type of complex behavioral situation 
studied. Until a subject is exposed to a realistic 
situation that he assumes is a normal risk-— 
taking situation, the results, though perhaps — 
showing appropriate trends, will not neces- 
sarily be indicative of real world performance. 
Future investigations of the effect of vehicle 
lighting systems at intersections, accordingly, 
should be conducted under fully dynamic test 
conditions. 


Conclusions 


e The distance interval accepted by drivers 
as a minimum safe gap in which to cross an 
intersection was somewhat longer under 
conditions of forward vehicular illumination 
that produced more glare. The more glaring 
conditions also produced more variance. 

e If a polarized headlighting system is to be 
employed, it is desirable to provide the driver 
with an analyzer system that protects his 
vision when he encounters vehicles from the 
side as well as those from head-on. 

e Younger drivers had shorter gap accept- | 
ance values with less variable performance | 
than older drivers over 50 years of age. 

¢ Subjective discomfort glare evaluation | 
indicated, for the situations studied, that } 
both polarized systems were superior to 
conventional high beams but that low beams 
were least bothersome. 

¢ The minimum time gap was somewhat 
larger at lower speeds. 

e If the effect of vehicle lighting at inter- 
sections should be further investigated, a 
fully dynamic test procedure should be used. | 


(Continued on p. 16) 
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Low beam Polarized beam High beam 
Speed and age group ae : - a 
Glasses Visor 
Mean Standard |___ re _—_ Mean Standard 
gap deviation gap deviation 
Mean Standard Mean Standard 
gap deviation gap deviation 
Performance test 
Feet Feet Feet Feet Feet Feet Feet Feet 
20 and 45 m.p.h.: 
Both age groups-_-------- 22352 73. 81 PPA Ak 76. 89 285. 0 82.12 200.2 86. 10 
18-30 years old________--- 206. 1 75. 40 234. 3 70. 62 279.5 87. 33 270. 5 82.05 
a More than 50 years old___| 240.3 72, 31 220.0 88. 15 290. 6 103. 52 284. 0 91, 26 
m.p.h.: 
18-30 years old______-_--- 160, 2 66. 59 186, 2 72. 68 242.6 58. 25 239.3 60. 85 
F More than 50 years old___| 185. 2 64, 22 198. 3 71. 98 272.6 88. 52 224. 4 80. 54 
5m.p.h.: 
18-30 syeats10] dae = ae 252. 0 67. 37 282. 4 79. 26 316. 4 98. 19 301. 7 94, 08 
More than 50 years old___| 295. 4 91. 63 241, 7 80. 89 308. 6 74. 96 343. 7 110. 63 
Judgment test 
20, 30, 45 and 60 m.p.h.: 
Both age groups___----_-] 253.2 65. 4 273. 5 61.4 285. 4 96, 4 279. 2 88.8 
18-30 years old__________- 256. 0 78.5 280, 3 78.9 281. 2 108.8 283. 2 89. 0 
* Moe than 50 years old___| 250.1 71.5 266. 7 66, 2 289. 7 89.4 274.0 79. 2 
20 m.p.h.: 
18-30 years old__________- 195.8 65. 66 190. 7 50. 80 185.9 55. 13 186.8 56. 65 
an More than 50 years old___} 204.2 54. 60 225.3 59. 90 243.4 76. 37 231.7 7,47 
m.p.h.: 
18-30 years old___.._____- 236. 4 Taal 265. 4 95, 57 271.3 131. 87 270. 3 110, 81 
7 More than 50 years old___| 232.7 80. 08 249, 6 74, 90 212.1 69. 79 255. 4 80, 92 
5m.p.h.: 
18-30 years old_____.---_- 254. 4 85. 54 294, 2 90. 49 295. 2 106. 74 313.8 103. 24 
(i wore than 50 years old___| 264.9 89. 74 276. 6 74. 87 304. 8 91. 06 285. 0 88. 16 
m.p.h.: 
18-30 years old___-------- 339. 8 92. 72 370.9 105. 53 372.3 129. 49 375. 3 128, 12 
More than 50 years old___| 300.1 98. 30 315. 3 68. 63 338. 5 125. 65 324, 2 124. 01 
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BY THE OFFICE OF 
RESEARCH AND DEVELOPMENT 
BUREAU OF PUBLIC ROADS 


Introduction 


NE of the obvious needs of contemporary 
State highway departments is a greater 
»mphasis on the training and development of 
highway personnel. This need was clearly 
Hemonstrated by several State highway 
jepartments that undertook studies in a 
brogram that dealt with specific aspects of 
yersonnel training and development to 
ittempt to improve highway department 
idministration and management. Highlights 

rom these studies are presented here hope- 
|}ully to motivate other State highway depart- 
iIments to review the basic studies and apply 
hose findings that are adaptable to their 
jituations. Those areas of training and 
levelopment determined to be of general 
iignificance or interest to the management 
‘unction are dealt with primarily. 

Although the subject areas and problems 
of the participating States were frequently 
‘elated, it was difficult, and sometimes im- 
rossible, to extract applicable generalizations 
rom the individual studies, largely because 
|hach of the individual studies had svecific 
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State Highway Department Management 


Part 2.—Training and Manpower Development 


Reported by DAVID H. SUMMERVILLE 
Management Analyst, Economics 
and Requirements Division 


This is the second part of a report on management studies that were conducted 
in several States to upgrade the quality of highway administration. The findings 
related to highway department organization, or structure, were presen ted in the 
February 1970 issue of PUBLIC ROADS, vol. 35, No. 12. Additional findings of 
other aspects of highway department management will be presented in a future 


issue. 


The information in this part is not intended as a comprehensive guide for de- 


veloping training and manpower programs. It reports on the significant findings 
of the State-conducted studies that might be of general interest to highway de- 
partment personnel who deal with training and manpower-development matters. 
Although many of the findings have general application, some are specifically 
suited to the State that conducted the study. 


objectives that differed from those of the other 
studies, as well as problems to solve that were 
peculiar to the particular State. Consequently, 
most of the solutions and findings were suited 
to the State conducting the study. 

Because of the many divergencies—orga- 
nization, size, population patterns, political 
climate, and training mneeds—that exist 
throughout the States, the conclusions pre- 
sented are not necessarily the best or only 
solutions, but are the ones that were gleaned 





from the studies conducted by the participating 
States. 


Manpower and Training Needs 


In recent years training needs of State 
highway departments have increased for all 
employee levels and categories, owing to the 
upsurge of expansion being experienced by 
all State Although 
somewhat a result of the increase in the 


highway departments. 














total mileage of the State highway systems, 
this expansion is primarily a product of the 
planning, construction, and maintenance of 
new roads in the Interstate and Defense 
Highway System. Construction especially 
has increased, as indicated in Minnesota (1) ! 
where construction expenditures have in- 
creased 2.4 times in the 1955-64 period. 
According to a study in the State of Washing- 
ton (2), highway construction is predictable, 
at an accelerated pace, with reasonable 
accuracy through completion of the current 
Interstate road program. Projecting beyond 
completion of the Interstate program the 
Washington study assumed that other high- 
way programs will be undertaken, probably 
at a cost of about 75 percent of the projected 
Interstate volume. 

Since commencement of the Interstate pro- 
gram, there has been a substantial increase 
in total highway expenditures, owing largely 
to emphasis on Interstate-System construc- 
tion. In Minnesota (1), Federal aid in 1966 
constituted about 50 percent of the highway 
department’s entire budget. Large expansion 
of this type, with subsequent increased ex- 
penditures, has resulted in monumental in- 
creases in the workloads of State highway 
departments. Moreover, additional increases 
in workloads have been caused by new tech- 
nology and by the complexity of highway oper- 
ations, as well as by the increased number of 
departmental activities—traffic safety, data 
processing, planning and programing, manage- 
ment services, etc. In keeping with the general 
overall amplification of highway operations, 
highway department staffs have been in- 
creased, but the staff increases have not kept 
pace with the expanded workloads, and 
numerous management problems have been 
created. 

These relatively recent problems have 
resulted in expanding program needs, rising 
State expectations, additional financial needs, 
and requirements for more effective public 
relations for a variety of reasons: 

* Construction of the Interstate System. 

¢ Need for more roads—to meet future 
requirements. 

® Increased maintenance requirements. 

¢ Safety programs—as traffic increases and 
becomes more complex. 

° Growing State populations—requiring 
more and better highways to meet their 
growth potential. 

¢ Need for additional funding—to meet 
expansion. 

® Need for good working relations with 
the public—to obtain needed funds. 

Highway managers will need to keep aware 
of both changing State requirements and 
changing expectations of highway users. They 
must also be prepared to manage a larger and 
continually expanding program. The highway 
departments will need a plan of organization 
that is matched to the rapidly changing and 
developing programs. Highway department 
executives will need to adopt improved and 
more sophisticated operating methods and 








‘Italic numbers in parentheses identify the references 
listed on p. 15. 


10 


management controls. Manpower and facilities 
will need to be used effectively. The total 
amount of manpower that highway depart- 
ments can command will always be limited; 
consequently, effective use of available staff 
will be necessary. Shortages of qualified ex- 
ecutives and technicians will necessitate 
particularly effective supervision of those 
available and development of those capable 
of assuming greater executive and technical 
responsibility. Changing requirements and 
expectations must be studied continuously to 
provide goals that meet them, to provide a 
source of directed action for highway depart- 
ments, and to provide a cohesive team ap- 
proach for all the geographically separated 
elements of departments. 


Selected State Study Findings 


Most highway department training pro- 
grams neglect the management aspects that 
are extremely necessary to the modern 
administrator. Many of the State studies in- 
dicated the need for training in administration 
and management as well as in technical skills. 
In the Minnesota report (1), it was stated that 
a higher degree of managerial skill will be 
required in the future because of larger, more 
complex programs, and that to prepare future 
executives with the necessary background, the 
department should undertake a management 
development program. Despite the pervasive 
tendency to specialization, men capable of 
manning higher caliber positions than those 
taken immediately after graduation can be 
developed and the interests of both the in- 
dividual and the highway department can be 
better served by giving the trainee at least 
an initial program of managerial training to 
prepare him for future leadership. 

It is evident, however, that many of the 
recent additional highway functions are 
technical even though they are not necessarily 
compatible with traditional skills. In several 
of the State studies it was noted that addi- 
tional training is needed in _ specialized 
technical areas, including, safety, traffie and 
highway control, finance, and computer 
application. It was also noted that training 
is warranted in any specific technical area in 
which a trainee is deficient. In fact, many 
trainees and managers need instruction in 
basic communication skills, both written and 
oral. 

There is a very definite need for training 
programs dealing with supervisory and man- 
agerial knowledge and skills. Management 
personnel, as well as potential management 
personnel, should be acquainted with tech- 
niques that have been proved effective in 
managing large operations. Highway manage- 
ment cannot use outmoded techniques to build 
modern highways, but must take full ad- 
vantage of current management methods 
dealing with manpower utilization, planning 
and programing, data processing, and policy 
and procedure. Because of ever increasing 
expenditures, management also must have 
an understanding of long-range financial 
planning and cost control. Work scheduling 





can be made more effective with the applica- 
tion of new electronic-computer techniques 
like PERT and Critical Path Method. 


A knowledge of working relations, both 
internal and external, also is necessary in” 
training effective managers. Internally, the | 
administrator must be aware of department 
organization and of how the different bureaus — 
and offices are related. He must also have an 
understanding of basic personnel and con- 
tractural relations. External relations include 
the general public; other units of the State 
government, including the governor and the — 
legislature; and other governmental entities 
like counties, municipalities, and the Federal 
Government, 


Although heretofore the need for manage- 
ment training and development has been 
stressed, the limitations to the effectiveness of 
training in the overall scheme of manpower — 
development must be recognized. Determining ~ 
management needs is an operation that must 
account not only for training but also for the 
more comprehensive management develop- 
ment problems. For example, in the Indiana 
study (3), several steps to continue the 
improvement of employee training and man- | 
agement development, were outlined as | 
follows: ' 


¢ Perform a continuing study of the highway 
commission’s managerial, supervisory, and 
technical personnel. Inventory manpower — 
periodically to provide the data necessary for | 
this study—employee qualifications, perform- 
ance, promotion potential, and development 
needs. Include employees in all classifications 
under the career employment policy on this — 
inventory. | 

¢ Develop a system to catalog the inventory — 
data so that it will be readily accessible and . 
usable, | 

¢ Develop a continuous, 5-year projection | 
of manpower needs to consider anticipated 
attrition or any contemplated organizational 
changes, and base the projection on an 
established program of future highway 
improvements. Review and update the 
projection annually. i] 

These steps were implemented by the con- 
sultant who conducted the Indiana study, and 
as a result, the following information is 
continually available: 

¢ Short and long-range managerial per- 
sonnel needs are known before they occur. 

¢ Specific capable individuals who are 
worthy of promotion to higher positions, as 
well as those who possess potential ability to 
advance in the future, have been identified. 

e A sound basis has been provided to plan 
and conduet personnel training and individual 
development activities to meet definite needs 
and to qualify for advancement those persons 
having promotion potential. 

This management development program 


now serves as a guide for planning future train- 
ing and development requirements. 








Training is only one of the tools that can be 
used to strengthen the skills of new and old 
personnel alike; in fact it is often an inadequate 
solution to acquiring new skills. Nothing can 
take the place of experience in making sound 
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judgments nor can anything replace satis- 
factory work performance. Training therefore 
is just an aid to management development 
and rates with other factors like experience, 
maturity, and responsibility. 

There is a great need for a system that 
requires superiors to appraise their subordi- 
nates periodically and to review the appraisals 
with the individuals involved not only to let 
them know how they are doing and what their 
strong and weak points are, but also to provide 
counseling as to how weaknesses may be 
overcome and overall performance improved. 
Some of the descriptive terms for qualities 
and characteristics that often need improve- 
ment are: diplomacy, tact, consideration of 
others, forcefulness, aggressiveness, initiative, 
ambition, self-confidence, self-reliance, control 
of emotions, tolerance and patience, and job 
interest. Many of these characteristics can be 
corrected or improved if the individual is 
made aware of his deficiencies and is told how 
they are affecting his performance. Without 
a system that requires periodic appraisals and 
reviews by superiors, subordinates’ perform- 
ances will not be openly discussed, as super- 
visors tend to avoid the seemingly unpleasant 
tasks of discussing individuals’ deficiencies. 


Minnesota 


Progress from the beginning-level positions 
is not enough to insure competent future 
management because too much strain is put 
on the highway department to develop and 
identify the beginning employees who have 
| potential for advancement. In the Minnesota 

study (1), this problem was noted and it was 
} recommended that more emphasis be given to 
| manpower planning and development. It was 
falso noted that the personnel systems and 
procedures of the Department of Highways 
were oriented toward meeting the require- 
ments of civil service practices and policies 
regarding recruitment, placement, classifica- 
tion, evaluation, and promotion. In these 
areas, the Department of Highways had only 
| limited options, and a number of prerogatives 

that were not fully exercised in the system 
were pointed out: 
e Manpower planning was limited to item- 
fizing personnel needs for inclusion in the 
}biennial budget. No effort was made to trans- 
late the construction program into its long 

term personnel requirements. 
} ¢ The personnel requirements included in 
the budget expressed needs in terms of addi- 
{tional positions and titles. The Department 
did not develop its requirements in terms of 
skill shortages and position vacancies caused 
by retirements, transfers, and turnover. 
e The training activity of the Department 
tended to focus on beginning technical posi- 
{tions and made only limited provision for 
Jadministrative and management positions. 
¢ Development of future managers in the 
Department was left to the initiative of indi- 
vidual supervisors. There was no process for 
identifying potential managers and _ for 
strengthening their skills for responsible 
future positions. 
On the basis of these observations, the 


























Make manpower planning an integral part of 
the Department’s 5-year program (2) estab- 
lish a management-development program to 
identify and train future highway executives, 
and (3) broaden the training and development 
program to encompass nontechnical areas and 
to include positions above the starting level. 
These recommendations are discussed in the 
following three paragraphs. 

Manpower planning—To prepare its 5-year 
program, the Department must establish its 
future workload, therefore, each operating 
unit should be able to translate its workload 
into Manpower requirements. The office of 
personnel services should be responsible for 
compiling the approved manpower require- 
ments of the departmental units to develop 
the overall manpower requirement plan of the 
first reeommendation. The plan should identify 
anticipated departmental staffing levels for 
each year included in the plan, the staffing 
levels of each unit, and the type and proficiency 
of required skills. The plan also should guide 
the recruiting and training activities of the 
offices. Additional information on manpower 
planning will be presented in a future issue 
of this journal. 

Management development—In the Minnesota 
personnel system, career progress from be- 
ginning level positions is emphasized, and 
consequently, the Department has a heavy 
responsibility for identifying and developing 
the beginning employees who have potential 
for advancement. It does not concentrate on 
this responsibility, however, and leaves career 
progress largely to individual intitiative and 
ability to pass promotional examinations. In 
future years the problem of managment suc- 
cession will become even more serious than it 
is today. Employees who entered the Depart- 
ment during the 1930’s are retiring in large 
numbers and the salaries and benefits offered 
by private industry make it difficult to find 
suitable replacements. The Minnesota report, 
accordingly, recommended that the Depart- 
ment undertake a managment development 
program that would include the following 
basic elements, or development guides, which 
in turn should be used as the basis to formulate 
the content of the training and development 
program: 

e Develop a set of performance criteria for 
each job in the Department. 

e Have supervisors suggest names of indi- 
viduals who should be included in the initial 
group to be trained for more managerial 
responsibility. 

e Gather data on each individual’s back- 
ground, education, and experience. 

e Develop an appraisal form by which each 
supervisor can evaluate the present job per- 
formance and managerial potential of his 
suboridnates. The appraisal should identify 
strengths and development needs. 

e Have the professional personnel staff 
interview each of the employees to obtain an 
objective evaluation of the employee’s interest, 
strengths, development needs, and career 
potential. 

e Develop for each employee a career de- 
velopment guide from the material collected 
and from the interview notes. The guide should 


identify the employee’s potential and the area 
in the organization where he is best suited to 
work, as well asrecommend a training program 
to help the employee fulfill his potential. 

Broadening training and development—It was 
recommended in the Minnesota report that 
the content of the training program be broad- 
ened to include the following areas and needs: 

e Technical training to provide the skills 
necessary to do the job for which a person is 
hired. 

e Supervisory training to prepare employees 
to direct groups of other employees. This 
training should include labor relations, work 
planning, work methods, 
manpower controls. 

e Management training to provide em- 
ployees with the sophisticated control tech- 
niques necessary to manage large scale 
operations such as work scheduling, PERT 
and Critical Path analysis, project control 
techniques, and management reporting. 

¢ Job rotation among the Department’s 
units to expose individuals to the total opera- 
tion and increase their grasp of the magnitude 
of the management task. 

¢ Formal specialized university courses for 
selected individuals who require additional ed- 
ucation in areas of interest to the Department. 

As pointed out in this discussion of the 
Minnesota study, the training of new manage- 
ment and other personnel must be inclusive 
enough to produce men capable of higher 
caliber positions than those usually occupied 
by trainees immediately after graduation. 
Training is a major requirement in any orga- 
nization and an effective training program for 
highway departments should be given top pri- 
ority and consideration. The major aspects of 
the management development program recom- 
mended in the Minnesota study have been 
implemented largely through the impetus of 
the management study. 


budgeting, and 


Indiana 


The need for increased emphasis on man- 
power training was illustrated by the Indiana 
State Highway Commission’s study (3). It 
was shown in this study that in 1964, there 
were 5 percent fewer engineers in the 41—55-age 
bracket, in which personnel were seasoned and 
experienced, than in the over-55-age bracket, 
in which personnel were approaching retire- 
ment. It was also shown that 19 percent of 
the Department’s engineers were expected to 
retire during the next 5 years, 

According to the study, recruitment of en- 
gineers in quantity was not a large problem, 
but because successors to prospective retirees 
were often in the same age bracket as the 
prospective retirees themselves and because 
experienced young men capable of promotion 
were few, the normal line of succession pro- 
vided little backup for key positions. This 
disclosure indicated that promotion oppor- 
tunities were available mostly to younger in- 
experienced men and pointed up the need of 
a training and development program for man- 
agers. The consultant who performed this 
study reported that uncovering this situation 
moved the Highway Commission to employ 
a professionally qualified personnel director 
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and establish a training function in the Per- 
sonnel Division. The Commission further pro- 
vided for a qualified training director to 
develop an effective training program, which 
will be described later. 

As previously mentioned, improved tech- 
nology and complex highway operations have 
added many new functions to the highway 
program and increased the number of skills 
necessary for efficient operation. For this rea- 
son any effective management training pro- 
gram must have clearly defined objectives to 
provide: 

¢ Highly qualified persons for each position. 

e A reservoir of skills to improve organiza- 
tion and program effectiveness. 

e A means of appraisal to select individuals 
for promotion. 

These training objectives must be compati- 
ble with the overall department objectives, 
but they must also be flexible enough to per- 
mit fitting the training to the trainee’s needs, 
interests, and qualifications, as well as to the 
needs of the department. Goals are necessary 
for a training program both to pinpoint addi- 
tional needed areas of training and to help 
eliminate time that might be used to develop 
skills already considered adequate. 


Virginia 


Traditionally there has been little deviation 
in the training of new engineers who will 
eventually assume management positions. 
What might be considered a typical program 
to train engineers for management positions 
was described in a report prepared from a 
study of Virginia’s graduate engineer train- 
ing program (4). 

The Virginia Department of Highways, the 
first State highway organization in this 
country to begin a formal training program 
for graduate engineers, began its engineer 
training program in 1945. The originally 
announced intention of the program was to 
provide a 4-year on-the-job course specifically 
designed to meet a pressing demand for assist- 
ant resident engineers. The program was 
divided into six basic areas: surveys, location 
and design, bridge design, materials control, 
construction, and administration. It also 
provided for a _ possible further research 
assignment. During the period 1945-63, trainee 
losses were greater than anticipated, and the 
Virginia Department of Highways initiated 
the aforementioned study to investigate the 
effectiveness of the program and determine 
ways to better serve the aims of the program. 
As one of the conclusions of this study was 
that the 4-year training program was too 
long, the overall length of the program was 
reduced from 4 years to 30 months. 


Louisiana 


A comprehensive study of the State high- 
way-maintenance organizational structure and 
of its operating policies and practices was con- 
ducted by the Louisiana Department of 
Highways (6). The study consisted of several 
parts, each of which produced results that 
reflected the findings, developments, and 
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recommendations of a specific research area, 
One of the specific areas, Manpower Inventory 
and Training Needs Analysis, was completed 
in 1967 and uncovered some unique training 
needs and limitations on personnel training. 


The situation in Louisiana was unique in 
that both French and Cajun languages were 
used by maintenance personnel in addition to 
English. Large differences in the educational 
levels of supervisors and potential super- 
visors were revealed. Of the supervisors, 34 
percent had fewer than 8 years of education, 
and only 32 percent had graduated from 
high school. Only 7 percent of the supervisors 
had attended college, and only 3 percent had 
graduated from college. Of the potential 
supervisors, 63 percent had fewer than 8 
years of education and only 11 percent had 
eraduated from high school. 

These differences in educational attain- 
ments among persons of the same training 
population. indicated a need for carefully 
prepared training materials that could be 
understood by all personnel without reducing 
the motivation of better educated individuals. 
Any training program would have to include 
basic courses that would be prerequisites to 
technical courses for persons with limited 
educations, and training materials would 
have to be developed in at least two languages. 
The study coneluded that basic training 
policies reflecting the needs of the Depart- 
ment should be adopted, that maintenance 
training materials should be developed from 
the activities performed in the maintenance 
function, and that development of these 
materials should consider variations in age, 
education and experience, limited capacities 
of persons to work with abstract matters and, 
the capacities of persons to work with mainte- 
nance-related problems. 

The Department of Highways has de- 
veloped a training program that includes 
maintenance training. The subject matter for 
maintenance training is developed and ap- 
proved by experts from the maintenance 
organization, and a training specialist then 
converts the approved subject materials into 
training manuals, which are subsequently 
used by the Department after they have 
been appropriately tested. 


Typical Training Problems 


Management training is never completed, 
because requirements, situations, and people 
seldom are static in a progressive, dynamic 
organization. The problem therefore is to de- 
termine what kind of training is required, 
where it is needed, and what the best means 
are of accomplishing it. To be successful, the 
training program must have clearly defined 
goals that are formulated for compatability 
with department objectives so that training 
can be fitted to the changing needs of the 
organization it serves. 

The content and goals of the program must 
not only be carefully outlined and clear to both 
training staff and the trainees, but they must 
be understood and used to the best advantage 
by the department. Often when the aims are 
not understood, resistance to the training pro- 
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gram develops. For example, maintenance typ 

training programs, in which poorly educated, 
less knowledgeable maintenance employees fail 
to recognize the intended benefits of manage- 
ment training, may be resisted because person- 
nel are reluctant to risk comparisons of their 
backgrounds with those of better educated, — 
more knowledgeable individuals. In such situ- 
ations, a training program that permits the— 
employee to learn at his own pace, spares the 
embarrassing exposure of his lack of knowledge 
to other trainees and to instructors. In the 
report of the Louisiana study (6), which dealt 
with the training of maintenance personnel, it 
was stated in one of the conclusions that the- 
maintenance function should continue employ-_ 
ment of existing supervisory personnel with 
limited learning potential while it develops | 
more capable supervisors from other ce 








with adequate learning potential. It was fur- 
ther stated that any employer who demon-— 
strates such a lack of interest in his employees 
that he would take steps to reduce the rank of 
a significant number of employees, to isolate 
them, or to terminate them because of changes 
in personnel standards, can expect difficulty 
in recruiting and retaining personnel who meet 
new standards. { 
One form of resistance to on-the-job training 
is the giving of preference to workloads rather | 
than to training. When the workload is over- | 
emphasized, the training program is not fully 
| 





effective and is being used most inefficiently. 
Moreover, supervisors can sacrifice training | 
and use trainees to complete jobs. In the | 
Mississippi study (6) it was noted that on-the=_ 
job training is often made more difficult when | 
the trainee is assigned a new job experience, | 
This occurs when construction activity is at | 
its peak and experienced personnel, who cia 
with training, are spread to the limit. There- | 
fore, if on-the-job type training is to be fully | 
effective, training should have priority over 
workloads, except in emergency situations. | 

A functional and effective training program | 
must have an aggressive training administra- | 
tion with capable supervisors for on-the-job 
training as well as professional training per-_ | 
sonnel. The training supervisors should be | 
authorized to obtain qualified employees from | 
the department to assist in developing effec- 
tive manuals and to serve as instructors. | 
Training manuals must be written in lan-. 
guage that is at the trainee’s level of com-. 
prehension. Instructors must be given 
sufficient advance notice of their instruction | 
schedule to permit them to prepare their) 
training materials well enough to give the 
trainees full benefit of their knowledge and | 
experience. Also, in maintenance training, 
and in other types of training to be performed | 
at district and field levels, it is necessary to) 
have the program developed and administered 
at headquarters to insure high and uniform 
standards of training throughout the depart- | 
ment. 





The success of a training program is also| 
dependent on other factors. For instance, the’ 
length of a formal training program is very) 
important. It must be long enough to cover| 
adequately the various aspects and phases of 
the program, but be brief enough to be prac- 
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ical and interesting to the trainee. The 
Virginia training program for graduate engi- 
ineers was too long according to many of the 
‘engineers who had completed the program, 
and the basic formal training program was 
‘shortened from 48 months to 30 months. 

| A good orientation phase is also important 
|to a well designed training program. It helps 
‘both to acquaint the trainee with the aims of 
‘the training and to make the trainee feel at 
‘home in the department. Orientation is 
especially important for trainees recently 
recruited for formal training programs. These 
factors and several others will be further 
discussed later when retention is considered. 








The Virginia study was designed to revamp 
the existing graduate engineer training pro- 
»gram to increase its effectiveness and the 
retention rate of graduates. The study pro- 
posed a new curriculum to solve some of the 
problems of the old one—mainly reduction of 
material devoted to construction matters. 
Interspersed in the new program are varied 
‘short periods devoted to introduction to the 
training policy and orientation. However, 
even after shortening the overly long pro- 
gram, a considerable portion is still devoted 
to construction matters, and administrative 
training has been shortened instead of in- 
creased. From evidence in several of the State 
studies, it would seem that administrative 
and management aspects should be increased 
‘rather than decreased because of the ever 
increasing demand being placed on all levels 
of both supervisory technicians and profes- 
sional personnel. 

Organizing and planning a training pro- 
gram is not a prearranged or set process. 
Attention must be given to the objectives and 
goals of the Department as well as to training 
needs. In attempting to solve old problems, no 
new problems should be created. Before the 
formulation of a program is attempted, each 
aspect of organized training must be studied 
thoroughly by professional training personnel 
and by experts from the various disciplines. 
The final product, an effective training pro- 
gram, necessarily must be a composite of the 
best solutions for each problem defined by 
the needs, limitations, and peculiarities of the 
particular department. 


Types and Metheds of Training 


It is often effective to use more than one 
_ type of training in a training program. The 
most important consideration is that the most 
effective type of training be selected for each 
requirement. In many situations formal 
on-the-job training has proved to be the most 
effective way to develop a new engineer. It is 
especially effective in smaller organizations in 
which development of a sophisticated class- 
room and work activity would be virtually 
‘impossible. On-the-job training has the ad- 
| vantage of giving the trainee both the neces- 
sary technical skills and a working knowledge 
of his impending job. Also, simply by informal 
job rotation, the individual can be exposed at 
least to the total operation and magnitude of 
the organization. 
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However, many of the new management 
techniques are too complicated to be effi- 
ciently taught while its trainees are on the job. 
Most management presentations require class- 
room training, which is harder to justify 
because it removes the individual from his 
regularly assigned work and increases the 
workload of others, even though the training 
is necessary. This problem can be partly 
solved by conducting classes during slack 
work periods. 

Management techniques often can be taught 
more effectively outside of the organization 
beeause of a lack of qualified instructors in 
the organization. In the Washington study 
(2) it was suggested that formal management 
training be offered outside of the department 
at various training seminars or programs 
available through universities and associa- 
tions. This method of training can even 
include such programs as subsidized study at a 
recognized graduate school of business. In 
the Indiana study (3) use of an annual road 
school, a cooperative venture between the 
State Highway Commission and Purdue 
University, was utilized. This school is held 
annually at Purdue University for State, 
city, and county highway personnel, as well as 
for contractors, materials and equipment 
suppliers, and others involved with highway 
matters. Papers on various technical subjects 
are presented at many of the sessions held at 
the school. Other sessions are discussion type 
seminars on various subjects suggested by the 
attendees. Highway Commission attendance 
usually consists of high management personnel 
and a few engineers from the different 
districts. 


In some States, formal out-service training 
is encouraged by reimbursing employees for 
all or part of their tuition and fees for courses 
of study taken on their own time. Of course, 
the studies must be adjudged beneficial 
to both the employee and the highway 
organization. 

Indiana also has an interesting arrangement 
in which two men alternately attend work and 
school while earning their degrees in civil 
engineering. The two men share a given job in 
the State Highway Commission and alternate 
their attendances at school and work for 
specified periods—one man is on campus while 
the other is on the job. 

Informal training and _ self-improvement 
should be encouraged as a supplement to 
formal training. Informal training might take 
several forms, one of which could consist of 
trainees passing on to associates and sub 
ordinates knowledge gained in formal training 
courses. Forms of self-improvement could be 
memberships in professional associations, self- 
advancement through the study of professional 
journals, and self-study to qualify for licensing 
by professional boards. 

The types and methods of training are many 
and varied such as formal, informal, in-service, 
and out-service. For any modern highway 
organization, a program that envelops all types 
is necessary to keep pace with changing re- 
quirements and demands. The problem is to 
determine the types needed for different re- 
quirements and how best to marshal the means 


to conduct the training. A highway organiza- 
tion should overlook no type of training that 
can contribute to a program that fulfills its 
needs. 


Recruitment 


Recruitment as it relates to obtaining 
qualified trainees for formal management- 
level training programs and positions is dealt 
with here. Often recruitment will take place 
within the organization, but for certain high- 
level management positions, recruitment must 
be directed to outside sources where qualified 
trainees and personnel are available. The 
subject of recruitment as it relates to the 
personnel function will be discussed in more 
depth in a future issue of this journal. 

One of the increasingly difficult tasks of 
highway organizations today is the recruit- 
ment of qualified personnel to be trained for 
management level positions. It was indicated 
in several of the State studies that such re- 
cruitment in the past was limited largely to 
engineering personnel, but it is becoming 
increasingly apparent that top management 
requires training in other disciplines as well. 

In the Indiana study (3) it was recom- 
mended that recruiting be broadened to 
include candidates with other than civil 
engineering backgrounds. This reeommenda- 
tion, which was adopted and implemented, 
refers particularly to the Commission’s college 
recruiting program. It was the consultants’ 
opinion that the recruiting of civil engineers 
was being overemphasized although it was 
recognized that the Commission’s 
strongly engineer oriented 
technical nature. However, according to the 
consultants, an organization as large and 
diverse in its activity as the Indiana State 
Highway Commission needed a greater variety 
of talent than was being employed at that time. 
Although the predominate need was for civil 
engineers, other positions could be filled as 
well or better by persons other than civil 
engineers with nonengineering or nontechnical 
qualifications. 


task was 
because of its 


It was also disclosed in the Indiana study 
that a number of civil engineers were employed 
as technicians, administrators, nonengineering 
specialists, and even clerks. The consultant 
concluded that because the organization had 
tended to operate without a long-range plan, 
insofar as manpower needs were concerned, 
there had been little attempt to analyze and 
determine the best kind of education and 
background for particular positions. He also 
concluded that improper use of civil-enginecer- 
ing talent leads to erroneous conclusions about 
true engineer needs, contributes to the short- 
age of such talent, and deprives the organiza- 
tion of the contributions by persons with 
other knowledge and ability. 

Effective recruiting can be aimed at both 
recent college graduates and private industry. 
The Washington study (2) emphasized that 
particular attention should be given to the 
methods of recruiting for management-level 
positions in administration and engineering. 
It recommended, for the State of Washington, 
that the college recruitment program be 
expanded so that capable college graduates 
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with interests and talents in administration 
and engineering could be identified and en- 
couraged to consider highway-department em- 
ployment. It was noted that, in the past, this 
program had been restricted largely to civil 
engineering graduates. 

In the West Virginia study (7), a recruiting 
source heretofore largely overlooked in high- 
way recruiting, was noted. This study stated 
that a major criterion for a recruitment plan 
is the selection of an area that is becoming 
industrially depressed and where qualified 
people, many with outstanding experience, 
are available. 

Both in colleges and in industry, the high- 
way organization must attempt to get top 
quality candidates for its training programs 
by sereening, by making offers to qualified 
candidates, and by developing followup pro- 
grams to obtain candidates’ acceptance. Many 
factors influence an individual’s acceptance 
of employment for a training program. The 
Virginia study (4), which investigated the 
Department of Highways training program, 
examined this matter and disclosed the 
following important reasons why trainees 
accepted employment with the Department: 

e The merits of the program itself—loca- 
tion, security, benefits, pay, recruitment 
program, and advancement opportunities. 

e The experience to be gained in varied 
assignments. 

e Interest in a highway enginecring career. 

e Prior highway experience—full or part 
time. This is especially effective in recruiting 
college graduates. 

e Short term employment before armed- 
services commitment cr an interim employ- 
ment. 

e On the job training and/or refresher- 
course possibilities. 

Because of an ever increasing shortage of 
qualified candidates for employment and 
training, highway organizations have encoun- 
tered stiff competition with industry and often 
lose top candidates owing to lower pay and 
less security than is being offered by industry. 
The salary scales of trainees, as well as of 
regular employees, must be kept competitive 
not only with other highway organizations 
but with industry as well. Job security and a 
well administered personnel program must be 
assured. 

Many States have a well administered per- 
sonnel—civil service system, but other States 
not only have no system but other factors, 
like political patronage, are detrimental. In 
Indiana, for instance, there was no career 
employment policy and little job security. 
But in the Indiana study (8), the consultant 
developed and recommended a career em- 
ployment policy that specified position classi- 
fications to be included in the parameters of 
existing legislation and established the con- 
ditions and procedures for installing and ad- 
ministering a merit-type system, which 
included more than 100 classifications in the 
engineering, nonengineering, professional, ad- 
ministrative, supervisory, and technical cate- 
gories. The career employment policy was 
approved by the State Highway Commission 
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and the Indiana State Department of Ad- 
ministration and placed into effect by execu- 
tive order of the governor. Besides correcting 
the problem of job security for management, 
the career employment policy provided other 
benefits such as: 

e Better employee performance, which im- 
proved considerably when it became apparent 
that job security and tenure was no longer 
tied primarily to political factors. 

e Better qualified individuals were em- 
ployed to fill vacancies as new recruitment 
sources were used and some selectivity in 
screening applicants’ qualifications became 
possible. 

e A new tool was available to attract 
qualified applicants. Persons who formerly 
would not consider employment with the 
Commission were now doing so. 

e Training plans were initiated to further 
upgrade employee’s capabilities instead of 
ignoring this important activity because of 
anticipated wholesale dismissals after changes 
of administration. 

e A basis was now available to plan and 
develop a longer range personnel program, 
including training, as future needs were better 
known. 

In competing with industry State highway 
organizations must offer benefits and security 
similar to those in industry if they are to 
attract well qualified trainees for top manage- 
ment and training programs. The trainee not 
only must be attracted to the work and its 
opportunities, but he must be motivated by 
them to have an active, positive attitude 
toward his career. 


Retention 


The success of a training program is meas- 
ured by how well an organization can retain 
its trainese and graduates of training programs. 

Of course, this measure of success can be 
applied to retention of all levels and categories 
of employees. However the following dis- 
cussion is based largely on retention as it 
applies to trainees. A good retention rate 
indicates satisfaction with the training pro- 
gram and the organization itself. Many factors 
both inside and outside of a training program 
directly influence the rate of employee attri- 
tion. The following discussion, which is 
summarized largely from the findings of the 
Virginia study (4), deals with the more 
important reasons for trainees’ resignations 
from the Department of Highways both during 
training and immediately following it. Also 
some reasons for a favorable retention rate in 


Virginia, as well as in other States, are 
mentioned. 
Dynamic program goals and_ efficient 


planning not only influence employee retention 
directly, but these factors also help to establish 
nearly all the other related factors. For 
example, during the Virginia study a question- 
naire was sent to the highway departments of 
other States to obtain comparative statistical 
and policy data relating to their current 
training programs. Response from Florida 
reported that the State has a relatively high 
trainee-retention rate for the following reasons: 


e The program is established and we 
defined, and the content of each phase of | 
training is described in detail. 

e Although the training program is an. 
in-service one, each trainee is a working. 
employee who is expected to perform his 
assigned job on the same basis as any other 
employee. Training is given preference, and_ 
when the allotted time is up on any phase, the | 
trainee is transferred to the next phase. 

e Usually, each trainee is visited at 3-. 
month intervals or at least once during each. 
phase either by the Engineer of Research and | 
In-Service Training or by his Director of | 
In-Service Training. 

e Trainee transferring is kept to a minimum, 

Realistic training objectives are only partly 
adequate unless they can be communicated 
to the trainee and modified to fit the program 
and the changing needs of the trainee and of 
the highway organization. Communication is» 
accomplished through orientation, evalua- 
tion, and counseling. Often a highway organi-- 
zation can seem large and impersonal, and 
orientation—introduction to the training | 
program and to highway organization—is 
important not only to introduce goals to the 
trainee but also to provide the important 
favorable first impression. Response from’ 
Arizona to the Virginia questionnaire em- 
phasized the importance of the personal | 
touch that makes the trainee feel at home and | 
treats him as an individual and potential | 
leader. | 

Personal counseling and communication are 
even more essential than orientation in| 
developing this feeling. Several States re- 
sponding to the Virginia questionnaire in- 
dicated that visits at periodic intervals by 
upper echelon personnel from the organization | 
instilled in the trainee a feeling of importance | 
and prestige. 

Organized counseling likewise is essential — 
to the trainee in developing a long range | 
assignment plan as well as in career planning. 
Within the sphere of counseling, trainee 
evaluation, as well as trainee planning, can be 
accomplished to some extent using devices — 
like progress interviews. Other methods of | 
evalutating trainees and training received > 
reported by States having high retention | 
rates were monthly progress reports by the 
trainee and monthly progress evaluation 
reports by immediate training supervisors. 
These evaluation reports can help determine 
the extent of training, degree of trainees’ | 
success, and areas of potential program im- 
provement, all of which have a direct bearing | 
on the trainee retention rate. 


The length of the training program and the | 
amount of employee relocation both affect the | 
retention rate. The training program must be 
no longer than the minimum time required 
to adequately cover all aspects. Excessive 
moving, especially on short notice, must be | 
kept to a minimum. Individual training 
schedules help the trainee anticipate major 
moves in advance. In Pennsylvania it was 
reported that trainees select the District they 
prefer, which is likely to be the location of 
their permanent assignment after they com- 
plete their training. Selection of the work 
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Beation not only satisfies the trainee but it 
also tends to improve the quality of training 
received, as the district engineer is then 
responsible for training his own future perma- 
} nent employees. 
|} Monetary remuneration that is competi- 
ltive with industry is extremely important 
so successful trainee recruitment. Salaries 
}both during training and afterward must be 
idequate. Long-range income, as well as 
}aidvancement possibilities, must seem attrac- 
lhive to the trainee. Although not directly 
l-elated to training, these factors together 
with fringe benefits, which are becoming 
ncreasingly more appealing to employees, are 
iirectly related to retention rates. 
| Military obligations also influence retention 
trates, but this factor is one over whicha 
jiighway department has no control. A new 
}iraft policy may help mitigate this factor. 

\ The training and the work assigned after 
raining must be challenging. The variety and 
sype of work and training, the results of a job 
I vell done, and the feeling of accomplishment 
‘ind responsibility are important factors 
influencing continued employee retention. 
)}As with any responsible person, the trainee 
ikes to feel that his time is spent productively 
Jind that his education and training are being 
hised to advantage. By stressing the value of 
tsontinued education and development, the 
| rainee also can be made to understand that 
/ iis future role will be an important one. 

} Every effort should be made to promote a 
}ositive trainee-retention rate without sacri- 
jicing the goals of the training program. A 
raining program that leaves the trainee with 
\ positive, enthusiatic attitude toward the 
}brogram and the organization is of the utmost 
mportance to effective highway management. 













Evaluation of Training Programs 


One of the prerequisites of a successful 
|raining program is an effective evaluation 
srocedure. To understand the needs of the 
jrainee and to plan an efficient training pro- 
‘ram around these needs, both management 
yersonnel and new trainees must be evaluated 
vnd rated periodically. Management personnel 
‘ieed to be evaluated to determine their pro- 
notion potential. Also the organization must 
jorovide the means to develop and groom 
}mployees who have promotion potential. 
}ivaluation should include such factors as 
ob performance, professional knowledge, 
judgment and decision-making ability, inter- 
}st, cooperation, and leadership. 

From a manpower inventory survey, the 
‘onsultant in the Indiana study (3) concluded 
hat the State needed a system that requires 
uperiors to appraise their subordinates 
yeriodically. This conclusion, equally appli- 
‘able to the evaluation of trainees, stated that 
ippraisal should be reviewed with the indi- 
ridual being appraised who should be told 
10w he is doing and what his strong and weak 
»oints are. Moreover, the superior should 
‘ounsel the individual as to how his weaknesses 
jaay be overcome and his overall performance 
}mproved, based on a variety of descriptive 
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terms indicating qualities and characteristics 
such as diplomacy, tact, forcefulness, initia- 
tive, ambition, self-confidence, tolerance, 
patience, and job interest. 

Concerning the training program itself, the 
training progress should be checked and 
reviewed regularly to insure adherence to the 
training plan and to discourage the use of 
trainees to offset workloads. According to the 
Virginia study (3), progress of trainees in that 
State had not been properly and regularly 
reviewed, and individual counseling for the 
most part was lacking. Furthermore, com- 
munication channels to express satisfaction 
or dissatisfaction were not clearly defined. 
Consequently, because of recommended cor- 
rective action, counseling sessions are now 
held with individual trainees at least every 3 
months, and the system for evaluating trainees 
has been improved. 

Effective evaluation is an invaluable basis 
for formulating the content of a training and 
development program, as well as for guiding 
the program itself. Evaluation also helps 
management in many other ways. For instance, 
evaluation criteria can produce a guideline to 
judge qualifications of new employees and 
applicants. It can also be used to develop 
a comprehensive management-development 
program that includes training but is not 
limited toit. After training has been completed, 
training evaluations can prove valuable in 
appraising managerial potential. Furthermore, 
as mentioned earlier, employee evaluation and 
counseling both during and after training can 
serve as a training device and be corrective in 
itself. Just giving an individual an awareness 
of problems concerning his many personal 
characteristics will help his self-improvement. 

Evaluation then is seen to play a very 
important role in the overall plans of man- 
power development, specifically of training. 
It also influences the retention of trainees as 
discussed in the previous section. 


Conclusions 


This presentation was not intended as an 
exhaustive dissertation on all aspects of 
highway department training and develop- 
ment, but rather as the product of the findings 
of several State-conducted studies that dealt 
wholly or partly with the subject. Each of 
these State studies was devoted to a particular 
problem being encountered by the individual 
State. Therefore, comprehensive answers to 
the manpower problems of every State could 
not be given. Reports on the basic studies 
listed in the references contain specific 
information on these problems in the respective 
States who sponsored the studies. 

The conclusions expressed here are more 
than a repetition of what others have dis- 
closed. The findings helped to compile an 
outline of the different manpower and training 
aspects covered, and this article is meant to 
help draw those aspects into focus and 
demonstrate what must be considered in 
organizing and administering a manpower 
development and training program. The 
conclusions and findings were developed for 
particular States that may have had unique or 


unusual training and manpower problems and 
must be judged accordingly. Thus considered, 
the material presented and the knowledge 
gained will be helpful in seeking answers to 
highway department manpower and training 
matters. 
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Table 4.—Comparison of preliminary estimates of vehicle registrations and highway use of motor fuel and relationships of these 
items to each other and to total travel, 1968 
[From table TA-1 ! with published estimates by the Bureau of Public Roads} 


































Miles 
Vehicles Annual miles Motor fuel, traveled 
registered, per vehicle million gallons 
thousands 








Division State Prelim- 
inary 


estimate 





Prelim- 


inary 
estimate 










Connecticut 
















Maine 
New Massachusetts 
New Hampshire 
England | pode Island 
Vermont 
New Jersey 811 ALS OTOL 13.95 
Middle New York 7196 12.36 12.41 
Atlantic | Pennsylvania Ak 13.42 13.29 



















Delaware 
Dist. of Cole 
South 
land 
Atlantic ae eee 
(North) 2 


West Virginia 
















Florida 







South Georgia 
Atlantic North Carolina 
(South) | South Carolina ® 












Tllinois 







East 






Worth Indiana 
Ganteel Michigan 
So Ohio 






Wisconsin 






Iowa 















Kansas 
Went Minnesota 
Missouri 
North 
Cone. Nebraska 
a North Dakota 
South Dakota 
Alabama 
East Kentucky 
South Mississippi 


Central Tennessee 





Arkansas 
Louisiana 
Oklahoma 

Texas 





West 
South 
Central 





















Arizona 
Colorado 
Idaho 
Montana 
Nevada 
New Mexico 
Utah 
Wyoming 








Mountain 






















Ie 12.43 
12.18 12.24 
13.19 13.27 


Alaska 120 123 T+ 320 7,382 716 76 610 613 12.00 11.95 
Hawaii 354 355 8,089 8’ 065 204. 203 578 573 14.00 14.10 


1/ "Table TA-1.--Statewide mileage, travel and nonfatal and fatal injury accidents" is submitted to the Bureau of Public Roads by the State 
highway departments carly in April each year, while the final Bureau of Public Roads estimates are not usually completed until midsummer. 

2/ Data source: Table TA-1, 1968 for the 50 States and the District of Columbia. 

3/ Data sources: Vehicle registrations, highway use of motor fuel, and drivers licenses in force from tables MV-1, MF-21, and DL-1, re- 
spectively, 1968, Highway Statistics Division, Bureau of Public Roads; population from "Current Population Reports," Series P-25, No. bik, 
January 28, 1969. 

4/ All travel related items were calculated using State estimates of total travel as shown in table VM-2 for 1%8. 

5/ Excludes motorcycles. 

6/ Published figures used in the preliminary estimate columns since the State did not estimate these items. 

Note: Totals may not add to the same totals given in tables MV-1, MF-21, DL-1, or Current Population Reports, series P-25, No. 414, due to 
rounding. 


California 
Oregon 
Washington 






Pacific 











April 1970 © PUBLIC RCADS 





hicle-miles for each road section—a long, 
borious process. Another good approach is 
» sample randomly certain road sections on 
ich system and obtain an average figure for 
TA. msiles per mile on each system, from 
hich the vehicle-miles can be calculated. 
Most often, one of the following methods, 
*a combination of them, is used to arrive at 
tal travel: (1) The product of vehicle regis- 
ations and an estimated annual miles per 
shicle; (2) the product of fuel consumption 
id an estimated miles-per-gallon figure; 
}) the product of the population and an esti- 
‘ated annual miles-per-capita figure. Of these, 
ae second is the most frequently used be- 
vuse there is a more direct relationship be- 
yeen travel and gallons of fuel used than 
atween travel and any other variable. 

For many years, estimates and forecasts of 
‘avel have been very important for highway 
anning. They are needed for urban trans- 
ortation studies, statewide transportation 
udies, studies of highway needs and financ- 
ig, etc. Travel estimates have been used in 
ese studies as base year data for forecasts, 
» compare service provided among highway 
rstems, and to compare different modes of 
‘ansport. Although the greatest accuracy 
yssible, within practical limits, is always de- 
red for these purposes, consistency is as im- 
ortant, or even more important, than accu- 
icy. The basic estimates can be high or low, 
at as long as consistency between the factors 
maintained, decisions based on these factors 
ill be correct. 

Distributing travel among the systems in 
1e proper proportions is essential. Even if the 
ase year travel estimate and the related 
.ctors of miles per gallon and annual miles 
er vehicle are in error, forecasts of fuel con- 
imption and vehicle registrations for highway 
xeds and revenue studies will not be adversely 
Tected as long as consistent relations among 
iese factors are maintained throughout the 
recast period. 

Because of the increased emphasis on high- 
ay safety programs in the last few years, 
avel estimates are acquiring even more im- 
ortance. Reliable travel estimates are needed 
ot only by highway systems but also by 
shicle type, age and sex of driver, weather 
ynditions, road condition, day or night, etc., 
» properly evaluate State-to-State accident 
cperience. This need for increased detail in 
vavel estimates brings with it a need for 
vereased accuracy. 

As more detail is required in the breakdown 
* total travel, the relative positions of the 
arious elements become less dependable and 
ss useful, and the absolute values more 
aportant. The greater the number of parts 
iat total travel is divided into, the lesser the 
kelihood that proper relationships between 
ements will be maintained. To properly 
ssess the accident-causation potential of the 
ifferent combinations of driver-vehicle-road- 
ay-weather interrelations, reliable accident 
ates under these conditions must be known. 
ecident rates are functions of accident 
umbers and of exposure—exposure being the 
mount of travel produced under given 
onditions. Accordingly, two things are neces- 
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sary to develop accurate accident rates: 
accurate reporting of accidents and reliable 
detailed travel estimates. Because of this in- 
creasing need for accurate and detailed travel 
estimates, estimates of some of the factors that 
contribute to travel estimating will be 
explained. 

Vehicle registrations, highway use of motor 
fuel, drivers’ licenses in force, and population 
are listed in tables 4 and 5 in which compari- 
sons of preliminary estimates and later 
published estimates, as well as the relation- 
ships of the listed items to each other and to 
total travel are shown. Variations between 
preliminary estimates and published estimates 
usually were small, as illustrated by the small 
number of States with estimates that varied 
by more than 2 percent from the published 
figures—vehicle registrations, nine States; 
highway use of motor fuel, five States; popula- 
tion, nine States; and drivers’ licenses in 
force, 17 States. The State estimates are re- 
ported for the preceding year in table TA-1, 
which is submitted in April of each year. 
Preliminary estimates of vehicle registrations, 
population, and particularly fuel consumption, 
are near enough to the published values to be 
used in estimating travel when final data are 
not available. However, drivers’ licenses in 
force has not been as reliable a figure. Because 
of differences in administrative procedures and 
in extent of enforcement, the significance of 
the numbers of drivers’ licenses varies among 
the States. The relations of drivers’ licenses in 
force to other variables are even more erratic 
among the States. 

Vehicle registrations and fuel consumption 
are published each year in the Public Roads 
publication Highway Statistics (see list of 
publications inside back cover), which is based 
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on actual State figures that have been adjusted 
to achieve consistency in reporting. Thus, 
figures used in estimating are never obsolete 
by more than 1 year, and errors should be 
slight. Although actual population counts are 
made only in the decennial census, populations 
in all States are estimated each year by the 
Bureau of the Census and are based on data 
that can be quantified on a consistent basis. 

The items that relate known variables to 
the unknown variable, travel, cannot be quan- 
tified with the same assurance. For this reason, 
three of these items, miles per gallon, annual 
miles per vehicle, and gallons per vehicle, will 
be discussed in more detail. Of these three, 
gallons per vehicle can be more reliably ascer- 
tained as it is derived from the vehicle regis- 
trations and the figures for fuel consumed. The 
gallons-per-vehicle figure is useful in analyzing 
the consistency of forecasts of vehicle registra- 
tions, fuel consumption, and travel. When the 
figures from the different States are compared, 
the comparison can provide a clue to help 
identify those States that have a high or low 
proportion of fuel purchases by out-of-State 
vehicles. 


Miles per gallon 


As stated previously, the most common 
method used to estimate total travel in a 
State is to multiply the number of gallons of 
fuel consumed for highway use by a miles-per- 
gallon figure. As a very close estimate of fuel 
consumption can be obtained, the accuracy of 
the resulting travel estimate is dependent on 
the miles-per-gallon figure. 

Nationally, miles traveled per gallon, which 
had remained fairly stable at 12.47-12.49 from 
1963 through 1966, dropped to 12.38 in 1967, 
and to 12.25 in 1968. These decreases can be 
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Figure 1.—Miles traveled per gallon of fuel consumed in 1968. 
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sibuted to several causes. The proportion 
new cars purchased with power steering, 
yer brakes, and air conditioning continues 
nerease, and Federal standards now require 
it all new cars have emission-control devices. 
‘these devices place additional demands on 
jengine, reduce the effective power transmit- 
to the wheels, and thus decrease the miles 
veled per gallon of fuel consumed. In speed 
lies conducted jointly by the State highway 
artments and the Bureau of Public Roads, 
yas shown that from late 1945—after the 
rld War II speed limit of 35 miles per hour 
» rescinded—to 1968, the average speeds of 
-moving vehicles increased by 15 miles per 
r. As speed increases above about 40 miles 
hour, so does the amount of fuel consumed 
mile traveled. 
Miles-per-gallon figures differed consider- 
y among the States in 1968, as shown in 
le 4 and figure 1. Hawaii had the most miles 
veled per gallon at 14.10, and Nevada had 
‘least at 10.38. This difference does not 
an that vehicles in Nevada are less efficient 
n those in any other State. The miles-per- 
lon figure is obtained simply by dividing 
1 travel in the State by the number of 
ons of fuel purchased in the State for high- 
y use. Some of the fuel in Nevada was pur- 
sed for vehicles from the San Francisco and 
thern California areas and was consumed 
in Nevada but on California highways 
‘ing the return trip. The opposite situation 
sts in many States that have high miles-per- 
lon figures. States like New Jersey, Rhode 
ind, Maryland, and Connecticut, all of 
ich reported fuel consumption rates in ex- 
3 of 13 miles per gallon, may be affected by 
iging traffic. The bridge effect adds travel 
the State’s highways that is not reflected 
rasoline purchases in the State. The bridge 
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US. AVERAGE = 10,052 
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effect would apply only to those States that 
could be traversed in one dimension on one 
tankful of gasoline, or less, and would normally 
be significant only if there were one or more 
heavy traffic corridors in the bridge direction. 


Other factors that affect the fuel-consump- 
tion rate in a State are distribution of traffic 
by vehicle type, average speeds, percentages 
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of urban travel to total travel, and altitude. A 
higher miles-per-gallon figure would be more 
likely in a State that has a low percentage of 
heavy-truck travel than in a State that has a 
high percentage of heavy-truck travel. States 
with low speed limits, rigidly enforced, would 
probably show higher miles-per-gallon rates 
than States with high speed limits or more re- 
laxed enforcement. States that have high 
percentages of urban travel would be expected 
to have lower miles-per-gallon rates than those 
States that have little urban travel and are 
less affected by the traffic congestion. Engines 
tuned for operation at low elevations lose 
efficiency at much higher altitudes. 

Indications are that miles-per-gallon figures 
may be high in some States; studies in several 
States usually have lowered the figures for 
total travel and miles-per-gallon. For example, 
the Montana Vehicle Classification Study, 
1965-66 showed that average fuel consumption 
for all vehicles in Montana was 11.56 miles 
per gallon compared to the national average 
at that time of 12.45 miles per gallon. As 
accurate total travel and miles-per-gallon 
figures are developed in other States, national 
totals and averages, which are but composites 
of the State figures, will be adjusted accord- 
ingly. 


Annual miles per vehicle 


Figures reported by the States in 1968 for 
annual miles per vehicle ranged from a low of 
7,382 in Alaska to a high of 12,376 in Wyoming 
(table 4 and fig. 2). As shown in table 4, the 
average for the Nation is 10,052 which differs 
from the figure of 9,847 in table 1 because 
registration data used to develop the annual 


(Continued on p. 24) 


US, AVERAGE = 8621 
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Figure 3.—Average gallons of fuel sold for highway use per registered vehicle (excluding 
motorcycles) in 1968. 
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Fatal Collisions With Fixed Objects on Completed Sections of the 
Interstate Highway System, 1968 


Harold R. Hosea and J. N. McDonald, Office of Traffic Operations, Bureau of Public Roads 


Investigations of fatal accidents on com- 
pleted sections of the Interstate Highway 
System during 19681 disclosed that two out 
of every five persons killed were occupants 
of vehicles that ran off the road and collided 
with one or more fixed objects. Certain of the 
more common series of events or accident 
patterns in these single-vehicle, off-the-road 
collisions are described in the analysis here, 
which is based on police investigation reports 
on 1,208 such accidents that resulted in the 
deaths of 1,400 persons. 

In nearly two-fifths (87 percent) of these 
crashes, the vehicle struck one or more 
fixed objects after its first collision. In a 
slightly larger proportion of the crashes, the 
vehicle also overturned, frequently ejecting 
occupants. Some of the single-vehicle accident 
patterns are given in general terms by the 
data in the accompanying table. 

For example, in 30 percent of the 1,208 
accidents, the vehicle first struck a guard- 
rail. In three of every five of these accidents, 
the vehicle subsequently struck at least one 
other object, most frequently a bridge or 
overpass structure. In two out of five accidents 
in this category, the vehicle also overturned— 
a significant number of the overturns occurring 
prior to the second impact as a result of initial 
impacts with guardrails. In many accidents, 
however, the vehicles were deflected by the 
guardrail, or vaulted it, and then overturned 
on embankments or slopes. 

These statistics support the conclusion that 
guardrail itself is a roadside hazard and that 
on projects under construction, and on future 
projects, it should be determined initially 
whether guardrail is actually necessary. More- 
over, the necessity for guardrail should be 
reviewed on existing mileage. Where possible, 
rigid sign supports, open cross-drainage 
channels, raised inlets, and other safety 
hazards should be changed or improved, and 
the existing guardrail removed. Where guard- 
rail is definitely required, it should, according 
to present standards, have proper height, 
increased strength by closer post spacing, 
adequate blockouts, proper flares and/or 
turned-down end sections. 

The single-vehicle accident data also reveal 
that 18 percent of the 1,208 vehicles collided 
initially with a bridge or overpass structure. 
In these accidents, relatively few subsequent 
impacts with other objects or overturns 
occurred obviously owing to the characteris- 
tics of the objects first struck. Again it is 
evident that guardrail installations should be 
modified by upgrading the guardrail, extend- 
ing it beyond bridge piers, and securing it to 
bridge parapets and/or curbs. 

1 Fatal Accidents on Completed Sections of the Interstate 
Highway System, 1968, PUBLIC ROADS, A JOURNAL OF 


HIGHWAY RESEARCH, vol. 35, No. 10, October 1969, pp. 
217-224, 
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Curbs were the first object struck in many 
off-the-road accidents in which dispropor- 
tionate numbers of overturns and the largest 
percentage of subsequent collisions with other 
objects occurred. Guardrails, bridge elements, 
and light standards, in that order, were the 
objects struck most frequently following ini- 
tial impacts with curbs and, frequently, after 
overturns, indicating a need to minimize the 
use of curbs adjacent to main lanes, in gore 
areas, and even on outer edges of shoulders. 
Temporary curbs, often constructed on the outer 
edge of shoulders to control erosion on new 
fill slopes, should be removed after vegetation 
has adequately covered the slopes. Also, in 
a combined installation in which guardrail is 
located behind curbs, the face of the guardrail 
should be installed in virtually the same 
vertical plane as the face of the curb to negate 
the possibility of a vehicle striking the curb 
and vaulting over the guardrail. 

Accidents in which vehicles ran into ditches 
resulted in the most overturns. Overturns 
were also frequent in accidents in which an 
embankment or backslope was the first object 
struck, which points out the need to use 
flatter slopes, both foreslopes and backslopes, 
to provide an adequate recovery area. Well 


rounded or swale-type ditches should be: 
signed and constructed to carry the nor 
roadway drainage. 


However, 


where 


it) 


necessary to provide channels parallel to 


roadway that carry more than normal r¢| 


way drainage, they should be located pre 
ably beyond the normal right-of-way line 


construction easements, or at least near) 
normal right-of-way line, to provide a wy 


recovery area between the pavement edge 


the channel. 


A third of the vehicles that struck mee 
barriers subsequently struck a second obj 
most frequently a guardrail. In some of tl] 
accidents, the vehicle was deflected across 
lanes by the barrier and struck the guarc 
on the right. In others, especially where ¢ 
or chain link dividers were in place, the v 
cles penetrated the median and struck gu: 
rails at the far side of the opposing la 
These accident patterns amplify the ree 
mendations contained in the Yellow Book? 4 
median barriers should be designed to prey 
penetration and also to minimize deflectio 
the vehicle. 


2 Highway Design and Operational Practices Relat 
Highway Safety, A Report of the Special AASHO T 
Safety Committee, February 1967. 


Characteristics of single-vehicle, off-the-road fatal accidents in which fixed objects we 
struck on completed sections of the Interstate Highway System, 1968 














All accidents Overturns 
Fixed object | 

First object struck |Second object struck All accidents ‘Second object stru 

Number | Percent | Number | Percent | Nwmber | Percent | Number | Perce 

Guardia tse. se eee eee 364 30.1 213 BSa0 152 41.8 90 59,2 
Bridge or overpass- -- 217 18. 0 36 16.6 40 18.4 17 42.5 
Sign 22.) Sere eee oe ee 97 8.0 21 21.6 22 PRT 6 27.3 
Mpa oe yal Oo Mi ee ea ea 86 (eal 28 32. 6 62 12, 1 21 33.9 
Curb seeees = ees See ae eee as 72 6.0 56 77.8 40 55. 6 27 67.5 
Dividers... har teas see 71 5.9 24 33.8 21 29. 6 10 47.6 
bight: pOles sae = an eee eee eee 63 5,2 19 30. 2 13 20. 6 5 38. 5 
Ditch ees oe eee: 57 4.7 9 15.8 ‘ay 89.5 8 15.7 
Culvert See eee ee eee 51 4.2 13 2S 5) 25 49.0 4 16.0 
Fence (right-of-way) _------------ 28 2.3 19 67.9 16 57.1 9 56.3 
PRP ee eee ee See ee eee 26 Dae 5 19.2 4 15.4 1 25.0 
Other = ees eee ee eae 76 6.3 45 6.6 34 44.7 6 17.6 
STO a te eee eee eee ee er 1, 208 100. 0 448 37. 1 480 39.7 204 42.5 
































Travel By Motor Vehicles in 1968 
(Continued from p. 23) 


miles per vehicle in table 1 included motor- 
cycles and the registrations shown in table 4 
did not. Annual miles per vehicle reported by 
24 States ranged from 9,500 to 10,500, or 
within 5 percent plus or minus of the national 
average. 

Actually, the annual-miles-per-vehicle 
figure, which is a ratio of total travel in the 
State to total number of vehicles registered 
in the State, does not give a true indication of 
the annual miles traveled by the average 
vehicle in a State. If travel in the State by 
out-of-State vehicles were balanced by an 


equal amount of travel out of the State 
State-registered vehicles, the ratio of tré 
to-vehicles would equal the average n} 
traveled by vehicles registered in the Si 
But this is not always true, as some Sté] 
contain large national parks, scenic won¢} 
well-kno wn historic sites, or other locatior ] 
interest and attract more tourist travel 1] 


other 


States. 
and the smaller the State’s population [| 


The greater the 


the more out-of-State travel affects 
State’s total travel. The high annual 1 
per vehicle, of 12,376 in Wyoming, refi 


attrae 
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_— 

significance of travel by out-of-State 
ticles. Yellowstone and Grand Teton 
\tional Parks together draw approximately 
00,000 visitors to Wyoming annually; 
1968, the State population was 315,000. 




































llons per vehicle 


“he State-by-State figures for gallons per 
icle in table 4 are based on vehicle regis- 
ions that exclude motorcycle registrations. 
Nonsistent with its high annual-miles-per- 
dicle figure, Wyoming showed the highest 
lons per vehicle at 1,031, and Hawaii 
iwed the lowest at 573. The national aver- 
é was 821. As indicated in the discussion of 
jual miles per vehicle, a large part of the 
avel in Wyoming is performed by out-of- 
te vehicles, and consequently, much of the 
-oline purchased in Wyoming is for out-of- 
te vehicles that do not appear in the 
mber of registered vehicles used in calcu- 
/ng the gallons-per-vehicle figure. 





nsistency of Relationships Among 
the Factors 


Jonsistency among the factors of miles per 
lon, miles per vehicle, and gallons per 
hicle, mentioned previously for a few of the 
‘reme deviations, is explained in more detail 
'e. It is not within the scope of this article 
analyze completely the factors discussed 
i of the other factors that affect them, either 
actly or indirectly, nor are sufficient data 
lable to permit such an analysis. Neither 
‘t possible to conclude that values for any 
2 State are correct or incorrect. The purpose 
ithis general discussion is to indicate some 
she conditions that should be considered in 
ging the reasonableness of these factors and 
the travel estimates or forecasts to which 
y are related. 

‘n figures 1, 2, and 3, the States are ranked 
lescending order on miles per gallon, annual 
ies per vehicle, and gallons per vehicle, 
Epectively. 

!)f the States that are least influenced by 
-of-State travel, Hawaii ranked first of the 
States and District of Columbia in miles 
veled per gallon at 14.10, but ranked 50th 
tannual miles per vehicle at 8,065, and 5ist 
tzallons per vehicle at 573. The consistency 
tween these items is obvious; a State having 
high miles-per-gallon figure and a low 
aual-miles-per-vehicle figure would be ex- 
‘ted to have a low value for gallons per 
uicle. It is not surprising that Hawaii ranks 
t in gallons per vehicle and 50th in annual 
es per vehicle. As the State consists of 
snds there is no motor vehicle travel across 
te lines, and maximum trip lengths are 
fch shorter than in the continental United 
}tes. This results in lower average travel 
vehicle and lower fuel consumption per 
fucle. 

\laska, though not an island State like 
fwaii, is similar to Hawaii because its 
} ation from the remainder of the continental 
Lited States makes the effect of out-of-State 
iffic insignificant. Also the few highway 
ites of significant length result in relatively 








be 
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short average trip length and low travel per 
vehicle. Alaska’s 7,382 annual miles per 
vehicle figure is the lowest of all the States. 
In gallons per vehicle, Alaska at 613 ranks 
50th. In these two items, the two States are 
similar, yet Alaska ranks 32d on miles per 
gallon at 11.95 compared to Hawaii’s highest 
rank at 14.10. 

Part of the dissimilarity in miles traveled 
per gallon of fuel consumed between these two 
States, which are so close in the other two 
factors, can be explained by the difference in 
the composition of travel by vehicle type. 
According to data available from truck weight 
studies and classification counts, truck travel 
constitutes more than 30 percent of the total 
travel in Alaska but only about 15 percent in 
Hawaii. What about the other factors in- 
volved? Does Hawaii have a higher proportion 
of small cars in its vehicle population than 
Alaska? Are the average speeds lower in 
Hawaii than in Alaska? What effect does the 
relatively stable temperature and humidity in 
Hawaii have compared to the greater range 
found in Alaska.? 

These questions apply also to the 48 con- 
tiguous States, except that in these States the 
effects are modified by out-of-State travel. 
Some States are affected by bridging travel, 
yet some of the States reporting a high miles- 
per-gallon figure could not be considered 
bridge States. These include States like North 
Dakota, South Dakota, Pennsylvania, Wash- 
ington, and Wisconsin. 

It was attempted to relate the high and low 
miles-per-gallon values to the percentage of 
urban travel, and to average free-flowing 
speeds for main rural roads from Traffic 
Speed Trends, but no consistent relations 
could be established. Several States that had 
miles-per-gallon values of more than 13 had 
average speeds of 4-10 miles per hour lower 
than the national average. These States also 
ranked higher in percentage of urban travel. 
The higher percentage of stop and go condi- 
tions in urban travel would imply lower miles- 
per-gallon rates, and tend to offset the advan- 
tages gained from lower average speeds, but 
some States that had low miles-per-gallon 
figures also had a low percentage of urban 
travel, and were close to the national average 
in speeds. 

Speed data, as reported are of limited value 
for these analyses. Speed observations, on 
which these data were based, were made at 
points where the traffic was free flowing and 
drivers could drive at their desired speeds. 
Thus, a true average speed or operating speed 
could not be determined from these data. 


Summary 


There is an increasing need for accuracy and 
detail in travel estimates. When sufficient 
vehicle-count data are available, highly reli- 
able travel estimates can be made without 
other factors. Usually, manpower and time 
are not available to obtain these data so fac- 
tors that relate travel to known variables like 
vehicle registrations, fuel consumed for high- 
way use, and population must be used. It is 


imperative, therefore, that these relations be 
evaluated as accurately as possible and factors 
that influence these relations in each State 
must be determined, and to what extent. This 
requires independent estimates of travel for 
each highway system. 





New Publications 


The Bureau of Public Roads has recently 
published two documents. These publications 
may be purchased from the Superintendent of 
Documents, U.S. Government Printing Office, 
Washington, D.C. 20402, prepaid. The follow- 
ing paragraphs give a brief description of each 
publication and its purchase price. 


Highway Statistics, 1968 


Highway Statistics, 1968 ($1.75 a copy), a 
191-page bulletin, is the 24th in the annual 
series presenting statistical and analytical 
tables of general interest on motor fuel, motor 
vehicles, highway-user taxation, State and 
local highway financing, road and street mile- 
age, and Federal aid for highways. 

The Highway Statistics series has been 
published annually beginning with the year 
1945, but most of the earlier editions, except 
1965, 1966, and 1967, are now out of print. 
However, much of the information presented 
in earlier editions is summarized in Highway 
Statistics, Summary to 1965, which may be 
purchased from the Superintendent of Docu- 
ments for $1.25. 


Highway Research and Development 
Studies, Using Federal-Aid Re- 


search and Planning Funds 


The 1969 issue of Highway Research and 
Development Studies Using Federal-Aid Re- 
search and Planning Funds ($1.50 a copy) 
lists studies approved in the Office of Research 
and Development, Bureau of Public Roads, 
FHWA, for fiscal year 1970 and calendar year 
1969, as of July 1, 1969. 

The information has been grouped by the 
seven major technical goals of the National 
Program of Research and Development in 
Highway Transportation. An eighth grouping 
includes miscellaneous projects of local, region- 
al, or national importance. Data are also 
presented on the objective of each study, the 
conducting agency, and the funding for each 
study. 

Available reports on Federal-aid highway re- 
search studies are listed and the makeup and 
operation of the Federal-aid highway research 
and development program is explained. The 
publication is intended not only for Federal 
Highway Administration personnel, but also 
for those outside the Government who are 
interested in the program and may desire to 
participate in it. 
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Highway Research and Development Reports Available From 
Clearinghouse for Federal Scientific and Technical Information 


The following highway research and develop- 


ment reports are available from the Clearinghouse 
for Federal Scientific and Technical Informa- 
tion, Sills Building, 5285 Port Royal Road, 


Springfield, Va. 


22151. Paper copies are priced 


at $3 each and microfiche copies at 60 cents each. 
To order, send the stock number of each report 
desired and a check or money order to the 
Clearinghouse. Prepayment is required. 


Highway research and development reports 


available from the Clearinghouse are also listed 
by subject in Public Roads annual publication 
Highway Research and Development Studies 
(see inside back cover) according to the goals 
and projects of the national program of highway 
research and development. 


Stock No. 


PB 
PB 
PB 
PB 
PB 
PB 
PB 
PB 
PB 
PB 
PB 
BS 
PB 
PB 
PB 
PB 
PB 
PB 
PB 
PB 
PB 


PB 


PB 


PB 
PB 


PB 
PB 


PB 
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179251 


179257 


179258 


179259 


179260 


179262 


179263 


179268 


179269 


179270 


179276 
179277 
179278 
179287 
179288 


79318 


179319 


179320 


179392 
179402 


179403 
179416 


179417 


Statistical Approach to the Quality Control 
of Plant Mix Pavement. 

Creep and Creep Recovery for Plain Con- 
crete. 

Time-dependent Deflection of a Box Girder 
Bridge. 

Traffic Systems Reviews and Abstracts— 
July Issue, 1968. 

Highway Coding for Route Designation and 
Position Description—Vols. I and II. 

The Economic Benefits Accruing From the 
Scenic Enhancement of Highways. 

Phase C of the Pavement Design and Per- 
formance Studies. 

Research and Design of An Impact Absorb- 
ing Barrier for Fixed Highway Objects. 
Study of Electrically Heated Bridge Decks 

for Ice Prevention. 

Theory, Resistance ofa Drilled Shaft Footing 
to Overturning Loads. 

Pile Driving Analysis—Simulation of Ham- 
mers, Cushions, Piles, and Soil. 

Economic Effects of the Control of Highway 
Signs in Tennessee. 

Interim Progress Report on Supplementary 
Studies in Highway Illumination. 

The Socio-Economic Impact of the Capital 
Beltway on Northern Virginia. 

Highway and Land-use Relationships in 
Interchange Areas. 

Current Laws and Practices. 

Illinois Interchange Area Development. 

Case Studies of Selected Interchange Areas. 

Description and Evaluation of Ramp Con- 
trol on Hollywood Blvd. and Sunset Blvd. 
On-Ramps. 

Fatigue Tests of Hybrid Plate Girders Under 
Combined Bending and Shear. 

Dynamics of the Automobile Related to 
Driver Control. 

Electronic Computer Program for Renum- 
bering of Fortran Statement Numbers 
(BPR Program M-2). 

Electronic Computer Program for Co- 
ordinate Transformations (BPR Program 
Number SU-4). 

Joint Seal Materials—Final Report. 

Economie and Social Effects of a Highway 
Bypass, American Fork, Utah. 

Vol. I 
Vol. TIL 

Development of a Procedure for the Design 
of Hot Mix Asphaltic Concrete Mixtures for 
Use on West Virginia Highways. 

Investigation of Structural Grade Expanded 
Sucarnoochee (Porter’s Creek) Clay as 
Highway Construction Aggregate. 
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Guidelines for Police Services on Controlled 
Access Roadways. 

Use of Precast, Prestressed Concrete for 
Bridge Decks. 

Traffic Systems Reviews and Abstracts— 
August Issue, 1968. 

Rates of Asphalt Hardening at In-service 
Temperature. 

The Lane Drop Study. 

Ration Bypass Study—After Phase. 

The Effect of Headlight Glare on Vehicle 
Control and Detection of Highway Vision 
Targets. 

Development of a Flexible Pavement Per- 
formance Equation. 

Hardened Cement Pastes of Low Porosity. 

The Influence of Joint Widths and Spacing 
on Pavement Riding Qualities 

The Impact of the Highway Beautification 
Act of 1965 on the Outdoor Advertising 
Industry in West Virginia. 

Maintenance Research Report Three Mainte- 
nance Reporting System. 

A Study of Variability in Production, 
Sampling and Testing Bituminous Con- 
crete Base—Part III, The 1966-67 Study. 

A Regional Analysis of the Economic and 
Social Impact of Interstate Highways in 
the Employment and Retail Markets 
Served by Birmingham, Ala. 

Report No. 31-A. 
Report No. 31-B. 
Report No. 31-C. 

Determination of Accuracies in Earthwork 
Quantities from Photogrammetrically 
Made Surveys. 

Highway Drainage Study—Annual Report 
for Fiscal Year 1968. 

Embankment Testing With the Menard 
Pressuremeter. 

Correlation of Rapid Hydrometer Analysis 
for Select Materials to Existing Procedure 
LDH-T R-~407-66. 

Observation and Analysis of Continuously 
Reinforced Concrete Pavement. 

The Feasibility of installing Emergency Call 
Equipment on Rural Freeways and Study 

of Effectiveness of an Emergency Call Sys- 

tem—Phased I. 

Flexible Pavement Deflection 
Feasibility Study. 

Johnsongrass Control and Eradication. 

A Statistical Study of Rock Slopes on Joint 

Gnesis With Reference to Highway Rock 
Slopes Design: 

Vol. I 

Vol. II 
Vol. 1IT 
Vol. ITV 

Analysis of Steel Stress and Concrete Move- 
ment on an Experimental Continuously 
Reinforced Conerete Pavement. 

Causes and Control of Soil Erosion—Part I 
of III Parts of Roadside Development and 
Erosion Control. 

Maintenance of Vegetative Ground Covers— 
Part LI of III Parts of Roadside Develop- 
ment and Erosion Control. 

Weed Control and Eradication—Part IIT of 
Ill Parts of Roadside Development and 
Erosion Control. 

Development and Evaluation of Raised 
Traffic Lane Markers. 

Investigation of Additive Effects on FJ-1 
Wearing Mixtures. 

Investigation of Additive Effects on 1D-2 
Wearing Mixtures. 

Reflective Traffic Bead Study—38rd Interim 
Report. 
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Report on the Influence of Asphalt Pro: 
ties on the Bebavior of Bituminous C 
crete. 

A Method for Estimating the Impact 
Travel Time or Cost Changes on Diver; 
of Car Drivers to Transit: Patterns of | 
Ownership, Trip Generation and 49 
Shares in Urbanized Areas—Vol. II. 

A Method for Estimating the Impaet’ 
Travel Time or Cost Changes on Diver} 
of Car Drivers to Transit: Work Trave’ 
the Central Business Districts—Vol. I.) 

The Responsibility of Test Results Uj 
Various California Bearing Ratio Pro’ 
ure and the Resistance R-value. 

Traffic Simulation Case Study: City of 
troit, New Center Area Network. 

Comprehensive Evaluation of Highy) 
Sign and Billboard Regulations. i 


Establishment of Bermudagrass See 
With Annual Ryegrass. 
Influence of Chemical Admixtures || 


Mixing Methods on the Air Void Systi 
in Portland Cement Mortars. 
Investigation and Appraisal of the ] 
formance of Cement Tested Bases 
Used in Composite Pavement in Cc 
fornia. q 
Application of Instrumental Methods | 
Evaluating Highway Materials 7) 
Progress Report: Pyrolysis Gas Chro | 
tography. | 
Stabilization of Chinle Clay by El@| 
osmotic Treatment. 
Removal and Backfill of Material in La | 
ana Mucklands. 
Cracking in Pavements Influenced by Vi 
elastic Properties of Soil-Cement. 
Continuously— Reinforced Concrete a : 
ment Observation Program. J 
Dynamic Vehicular Weighing System. | | 
Study of the Effect, If Any, of An Ur! 
Freeway Upon Residential Propel | 
Contiguous to the Right-of-Way. 4 
Large Culvert Studies in Montana. i 
A Computer Program to Analyze Be 
Columns Under Movable Loads. 
Suggested Nuclear Depth Gage Calibag 
Procedures. 
Subgrade Moisture Variations: Interim. j 
port V—Data Summary 1966-1967. | 
Traffic Systems Reviews and Abstrag 
September 1968 Issue. 
A Systems Analysis of Highway Comm) | 





cations: 
Vol. I 
Vol. IL a| 


Highway Esthetics Functional Criteria | 
Planning and Design. 
A Reusable Energy Absorbing Hight | 
Protective System for Median Areas. 
L°-nd Economics Report Interstate 71 No) 
South Freeway, Franklin County (OF| 
Economic Impact of the Highway Beauti 
tion Act: | 


Vol. I—Staff Report. | 
Vol. II—Appendix to Staff Report. 
Urban Intersection Study: 1 


Vol. I—Summary Report. : | 

Vol. II—A Computer Simulation Mod’ 
Driver Behavior at Intersections. | 

Vol. ITI—Exploratory Study of Indivii 
Driver Behavior. 

Vol. IV—Headway Change 
During Car-Following. 

Vol. V—Judgment of Velocity in ' 
Dimensions. ‘| 

Vol. VI—The Driver in a Real Life 
vironment. | 
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Vol. Vil— Resources on Driver Behavior— 
Abstracts. 

Highway Condemnation Law and Litigation 
in the United States—Printed Report. 

Evaluation of the Portable Borehole Deflec- 
tometer—Interim Report. 

Bolted Joints With Rectangular or Circular 
Fillers. 

Effect of Surface Coatings and Exposure on 
Slip Behavior of Bolted Joints. 

Texas Studies Relating to the Highway 
Beautification Program. 

Investigation of a Prestressed-Precast Bridge 
System. 

Effects of Chemical and Mineralogical Prop- 
erties on the Engineering Characteristics 
of Arkansas Soils: 

Chicot County. 
Mississippi County. 
Greene County. 

A kansas County. 

Kentucky Rock Asphalt Hot-Mix Surfaces. 

An Interim Report on a Study of Roadway 
Lighting System. 

In-service Degradation of Base Course 
Aggregates. 

Final Report on Investigation of Mechanism 
of Delayed Failure of Prestressing Steel. 
Report of the Results of Two Full Scale 
Impact Tests on the Multi-Directional Slip 

Base for Lighting Supports. 

Composite Beam Tests With High-Strength 
Bolt Shear Connectors. 

Asphalt Mixture Behavior in Repeated 
Flexure: Study of an In-service Pavement 
near Morro Bay, California. 

Harbor Freeway Ramp Closure. 

Display Subsystem Evaluation, MERGE- 
PAS-ERGS. 

A Statistical Study of Asphaltic Concrete. 

Bay Area Freeway Operations Study. 

East Los Angeles Interchange Operation 
Study. 

Stripping in Hot-Mixed, Sand-Asphalt Mix- 
tures. 

Final Report of the Study Determination of 
Strength Equivalencies of Bituminous 
Mixes (N. Dak.). 

Investigation of Losses Associated With 
Pretensioned Girders. 

Posey Canyon Arch Culvert Instrumenta- 
tion. 

Pushout Tests With High Strength Bolt 
Shear Connectors. 

Analysis of Ribbed Plates. 

Statistical Quality Control of Highway Con- 
struction Materials. 

Statistical Correlation and Variance Analy- 
sis Project Related to the Quality Control 
of Highway Materials. 

An Investigation of Asphalt—Aggregate 
Adhesion by Measurement of Heats of 
Immersion. 

Structural Behavior of a Reinforced Concrete 
Arch Culvert, Phase II—Posey Canyon. 

Statewide Investigation of Flexible Pave- 
ments. 

Improved Fiscal and Management Controls 
Projects. 

Tees Bridge Design System: Project Find- 
ings and Achievements. 

Ices Bridge Design System Engineering 
User’s Manual for Steel Girder Design and 
General Loading Description. 

Optimization of Span Arrangement for High- 
way Bridges. 

Street Tree Study for the District of Colum- 
bia Final Report. 

Use of Retarders with Cement Treated Soils, 
Interim Report No. 2—X-Ray Diffraction 
Study of Unretarded and Retarded Ce- 
ment Pastes. 

Field Experiment With Statistical Methods. 

Traffic Systems Reviews and Abstracts— 
October Issue, 1968. 

Effectiveness of Freeway Sign Formats— 
Final Report. 

Route Guidance Head-up Display. 
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182102 
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Piling Analysis Wave Equation Computer 
Program Utilization Manual. 

A Study of Interstate Highways, Frontage 
Roads and Industry Location. 

The Study ofa Stiffened Curved Plate Model 
Using the Finite Difference Technique. 
The Analysis of Single Curved Girders With 
Various Loadings and Boundary Condi- 

tions. 

The Solution of Curved Bridge Systems 
Using the Slope-Deflection Fourier Series 
Method. 

Efficiency Tests of Subdrain Pipes. 

Resistance of a Drilled Shaft Footing to 
Overturning Loads, Model Tests and Cor- 
relation with Theory. 

A Study of Bituminous Surface Maintenance 
in Texas. 

A Portable Electronic Scale for Weighing 
Vehicles in Motion. 

Field Testing of Drilled Shafts to Develop 
Design Methods. 

Culvert Performance at Test Sites in Colo- 
rado. 

Determination of Traffic Parameters for the 
Prediction, Projection, and Computation 
of EWL’s. 

A Probabilistic Approach to Traffic Prob- 
lems. 

Solid Rubber Tire Roller Study. 

Variations in Bituminous Construction in 
Nebraska. 

Establishment of Vegetation Volume I— 
Agronomy. 

Establishment of Vegetation Volume II— 
Horticulture. 

Comparison of Observed Resistivity Meas- 
urements to Constructed Projects. 

The Behavior of Saturated Florida Lime- 
rocks Under Repeated Loading. 

Static Tests on Hybrid Plate Girders. 

Semipermanent Traffic Striping Research 
Project H R-178. 

Shrinkage Compensated Cement in Highway 
Concrete. 

The Effects of Textural and External Re- 
straints on the Expansion of Reactive 
Carbonate Aggregates. 

Final Report Study of Control and Accept- 
ance of Gradations of Aggregates by 
Statistical Methods. 

Final Summary Report—Woody and Herba- 
ceous Plants for Roadside Ground Cover. 

Moving Load on a Visco-elastic Layered 
System. 

Traffic Assignment Research Final Report. 

Mechanical Properties and Specifications for 
Welded Joints on Large High Strength 
Steel Reinforcing Bars. 

An Indirect Tensile Test for 
Materials. 

Pressuremeter Correlation Study. 

Highway Engineering Advanced Computer 
Systems Final Report. 

Soil Compaction Study Volume IV—Analy- 
sis of Field Tests on Base Course Materials. 

Final Report Methodology for Traffic Prob- 
lems 

Manual of Landslide Recognition in Pierre 
Shale, South Dakota. 

Seminar on the Relationship of Transporta- 
tion and Poverty Edited Transcript. 

Seminar on the Relationship of Transporta- 
tion and Poverty—Summary and Conclu- 
sions and Papers Presented. 

1968 World Survey of Current Research and 
Development on Roads and Road Trans- 
port. 

Fatigue Behavior of Welded Thin Web 
Girders as Influenced by Web Distortion 
and Boundary Rigidity. 

Fuel Tax Differentials of Texas Cargo 
Vehicles. 

Model Study of the Proposed Precast-Pre- 
stressed Bridge System. 

Comparative Study of Several Concretes 
Regarding Their Potentials for Contribut- 
ing to Prestress Losses. 

A Modern Highway Code for Delaware. 
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182524 


182534 


Lime or Chloride Treatment of Granular 
Base Course Materials—Special Report. 

Laboratory Corrosion Test of Steel in Con- 
crete. 

The Effectiveness of Darkening Surface and 
Insulating Bridge Slabs to Reduce Un- 
equal Icing. 

Study of Composite Bridge Stringers. Be- 
havior of Stud Shear Connectors in Light- 
weight and Normal-Weight Concrete. 

Curing Compounds for Portland Cement 
Concrete. 

The Effectiveness of Diaphragms in Steel 
Stringer Bridges. 

Use of Retarders with Cement Treated 
Soils—Interim Report No. 3. 

Shear Connections in Haunched Composite 
Members. 

Traffic Systems Reviews and Abstracts— 
November Issue 1968. 

Traffic Systems Reviews and Abstracts— 
December Issue 1968. 

Continuously Reinforced Concrete Pave- 
ment Performance. 

Maintenance Performance Laboratory—Re- 

port Four. 

Influence of Temperature and Other Cli- 
matic Factors on the Performance of Soil- 
Pavement Systems. 

A Study of the Relationships Between Re- 
flectance, Microprofile and Skid Resistance 
Characteristics of Highway Surface. 

Culvert Outlet Energy Dissipator Incor- 
porating Radial Flow and a Transverse 
Sill. 

Hot Melt Traffic Marking Materials. 

The Statistical Approach to Quality Control 
in Highway Construction, Phase I— 
Measuring the Variability, Part A—Com- 
pacted Embankments. 

The Statistical Approach to Quality Control 
in Highway Construction, Phase I— 
Measuring the Variability, Part B—As- 
phalt Construction. 

Determination of Statistical Parameters for 
Highway Construction—C ontinuation 1. 
Dynamic Tests of Short Sections of Corru- 

gated Metal Beam Guardrail Series XIII. 

Dynamic Tests of Five Breakaway Lighting 
Standard Base Designs Series XVIII and 
XIX. 

An Evaluation of the Road Logger. 

A Study of a Three Span Continuous Bridge 
Structure. 

A Study of the Relationship Between Air 
Temperatures and Depth of Frost Pene- 
tration as Related to Pavement Perform- 
ance of West Virginia’s Highways. 

Induced Bridge Loads and Moments During 
a Ten Year Period. 

Subgrade Moisture Variations—Interim Re- 
port VI. 

Information Requirements for Existing at 
Interchanges. 

Dual Entrapping Guardrail System. 

Search for a Strength and Toughness Test 
for Crushed Stone. 

Reef Shell in Portland Cement Concrete and 
Reef Shell-Beach Sand Concrete by Sandor 
Popovics, Auburn University. 

Use of a Rumble Stripe to Reduce Mainte- 
nance and Increase Driving Safety. 

Coefficient of Friction of Various Grooving 
Patterns on Portland Cement Concerte 
Pavement. 

Field and Laboratory Studies on Skid Re- 
sistance of Pavement Surfaces. 

Statistical Analysis of Portland Cement Test 
Data. 

Field Evaluation of Trench Backfilling 
Procedures. 

Durability of Lightweight Concrete, Phase 
I—Concrete Temperature Study. 

Traffic Systems Reviews and Abstracts— 
January 1969 Issue. 

An Investigation of the Design and Per- 
formance of Traffic Control Devices. 
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Statistical Quality Control Studies and 
Findings Relative to Highway Construc- 
tion: An Annoted Bibliography. 

A Mathematical Analysis of Hydroplaning 
Phenomena. 

Wind Sereen Subdues Gale Force Winds on 
a Mountain Bridge. 

Instrumentation and Testing of Concrete 
Bridges Reinforced with Strength Steel. 
Lateral Distribution of Vehicular Loads in 
a Prestressed Concrete Box-Beam Bridge— 

White Haven Bridge. (Pa.). 

Mixture Design for Lime-Treated Soils. 

Magnitude and Frequency of Missouri 
Floods. 

Evaluation of the TTI Gyratory Compactor. 

Highway S.D. 50 Bypass on Tyndall, South 
Dakota. 

Highway S.D. 37 Bypass on Tripp, South 
Dakota. 

Perspective Picture Output for Automobile 
Dynamics Simulation. 

Vehicle Dynamics in Single Vehicle <Acci- 
dents—Validation and Extensions of a 
Computer Simulation. 

Design of Rigid Poundary Energy Dissi- 
pating Structures. 

The Effect of the Matrix on Aggregate 
Retention and Surface Wear Character- 
istics of Bituminous Surfaces. 

SIGOP Traffic Signal Optimization Pro- 
gram— Users Manual. 

SIGOP Traffic Signal Optimization Pro- 
gram—Field Test and Sensitivity Studies. 

The Response of Bituminous Mixtures to 
Dynamic and Static Loads Using Transfer 
Functions. 

Large Shingle Splices That Simulate Bridge 
Joints. 

An Investigation of Headlight Glare as 
Related to Lateral Separation of Vehicles. 

Early Hardening of Asphalt Cement. 

Dielectric Measurement of Asphalt Content. 

Vision Test Scores and Driving Record— 
Additional Findings. 

Coal Hydrogenation Study: 

Vol.I 
Vol. II 
Vol. II 

Rational Analysis of Kentucky Flexible 
Pavement Design Criterion—Interim Re- 
port. 

The Moisture Mechanism that Causes 
Asphalt Stripping in Asphaltic Pavement 
Mixtures. 

The Effect of Access on Highway Right of 
Way Cost and the Determination of Special 
Benefits. 

Use of the Wave Equation to Predict Soil 
Resistance on a Pile During Driving. 

Fundamental Statistical Research in Traffic 
Flow—Final Report. 

Hydraulics of Energy Dissipation in Steep 
Rough Channels. 


Traffic Systems Reviews and Abstracts— 
February 1969 Issue. 


Newburgh-Hampden Experimental Paving 
Project Interim Report. 

Headlamp Beam Usage on U.S. Highways. 

Disability Glare Effects During a Transition 
to Polarized Vehicle Headlights. 

A 20-Year Report on the Illinois Continu- 
ously Reinforced Pavement. 

Vegetative Cover Study for Problem Soils. 

Fracture Toughness of Portland Cement 
Concretes. 

Storm Drainage Research Project: 
Technical Report No. 5—A Description of 
Drainage Areas Gaged by the Storm 
Drainage Research Project. 

Technical Report No. 6—The Effect of 
Basin Characteristics on the Outlet Hy- 
drograph from a 9-Acre Impervious 
Drainage Basin. 

Technical Report No. 7—Synthesis of the 
Inlet Hydrograph from Small Pervious 
and Combination Pervious—Impervious 
Drainage Areas. 
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A Study of Physical Factors Affecting the 
Durability of Asphaltic Pavements. 

Static Tests on Unsymmetrical Plate Girders 
Main Test Series. 

Investigation of Use of Preformed, Com- 
pressed Neoprene Seals in Joints of Con- 
crete Bridge Decks. 

An Interim Report of the Chloe Profilometer 
Study As Performed by the Maine State 
Highway Commission Pavement Section— 
Bituminous Group. 

Analytical Models of Unidirectional Multi- 
lane Traffic Flow: A Survey of the Litera- 
ture. 

Experimental Guardrail Posts—Final 
Report on a Method of Reducing Post 
Checking. 

Ices Bridge Design System Engineering 
User’s Manual for Simple Span Deck and 
Girder Optimization and Span Arrange- 
ment Optimization. 

Experimental Bituminous Concrete Pave- 
ment Study, Route, I-84, Southbury and 
Middlebury—Report 2, Analysis of Various 
Data Obtained During and After Con- 
struction. 

Pilot Tests on the Ultimate Static Strength 
of Unsymmetrical Plate Girders. 

Pavement Marking Points: Interim Report. 

The Effects of Contaminants in Bitumen— 
Aggregate Mixtures. 

Instrumentation for Measurements of Lateral 
Earth Pressure in Drilled Shafts. 

A Systems Approach to the Flexible Pave- 
ment Design Problem. 

A Study of Lime—Reactivity of California 
Soils by Electrical Dispersion Method. 

Statewide Flexible Pavement Performance 
and Deflection Study. 

Allowable Cover on Corrugated Steel Pipe. 

Radial Flow Energy Dissipator for Culvert 
Outlets. 

A Statistical Study of Asphaltic Concrete. 

Shear Fatigue Tests of Prestressed Concrete 
I—Beams With Web Reinforcement. 

Use of Insulation to Attenuate Frost 
Heaving. 

Post-Cast Headers for Bituminous Concrete 
Surfacing at Bridge Expansion Joints. 

Application of Statistical Quality Control 
Procedures to the Preparation of Specifica- 
tion. 

Numeric Ground Image Systems Design. 
Soil Damping Constants Related to Com- 
mon Soil Properties In Sand and Clays. 
Flexural Crack Width at the Bars in Re- 

inforced Concrete Beams. 

Test of Upper Anchorage of No. 145 Column 
Bars in Pylon Design. 
Creep and Shrinkage of 

Loaded Prisms. 

Use of Color Aerial Photography for Pave- 
ment Evaluation Studies in Maine. 

Color Airphotos for Terrain Analyses in 
Maine Technical Paper 68-5R. 

Highway Planning, Location, and Geo- 
metric Design Research Project—Final 
Report. 

Automobile Accidents Related to Railroad 
Grade Crossings A Study of the Effects of 
Topography and a Computer—Graphics 
Display of Traffic Flow. 


Eccentrically 


Louisiana Highway Research—A Study of 
Transit Mixed Concrete. 

Louisiana Highway Research—Concrete 
Wear Study. 

Dynamic Studies on the Bearing Capacity 
of Piles—Phase II Volume I. 

Dynamic Studies on the Bearing Capacity 
of Piles—Phase II Volume II. 

An Empirical Equation for Predicting 
Pavement Deflections. 

Fatigue Analysis of the Cast Aluminum 
Bore. 

Technical Report 2—An Economie Study of 
Urban on Highway Drainage Systems. 

Restraint Characteristics of Flexible Riveted 
and Bolted Beam-To-Column Connections. 
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Seat Belt Installation and Use—Staff 

Seam Strength of Asphalt Coated Str 
Plate Pipe. ' 

Traveler Attitudes Toward Highway 
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Driver Management Requirements Dj} 
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Measurement. } 
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March 1969 Issue. 
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Following. 
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Streams in Alabama. ' 
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A Pilot Study of Drivers’ Eye Movem 
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Library. 

Progress Report on Condition Sur 
Along I-70S Through June, 1968. 

Two Highway Mower Designs. 
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Concealment Distance. 

Application of Control Chart Techniqu 
the Analysis of Traffic Accident Dat 
Selective Enforcement Purposes. | 
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niques. 

Study of Methods for the Evaluatic 
Stress in Gusset Plates. 
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way and Two-way Streets. 
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|) A list of the more important articles in Pustic Roaps and title 
heets for volumes 24-55 are available upon request addressed to 
IBureau of Public Roads, Federal Highway Administration, U.S. 
epartment of Transportation, Washington, D.C. 20591. 
The following publications are sold by the Superintendent of 
ocuments, Government Printing Office, Washington, D.C. 20402. 
rders should be sent direct to the Superintendent of Documents. 
} Prepayment is required. 
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I\ccidents on Main Rural Highways—Related to Speed, Driver, 
and Vehicle (1964). 35 cents. 
}iggregate Gradation for Highways: Simplification, Standardiza- 
tion, and Uniform Application, and A New Graphical Evalua- 
tion Chart (1962). 25 cents. 
imerica’s Lifelines—Federal Aid for Highways (1969). 35 cents. 
Jinalysis and Modeling of Relationships between Accidents and 
1 the Geometric and Traffic Characteristics of the Interstate 
t) System (1969). $1.00. 
“he Bridge to Your Success (1969). 45 cents. 
Nalibrating & Testing a Gravity Model for Any Size Urban Area 
} (1968). $1.00. 
Japacity Analysis Techniques for Design of Signalized Intersec- 
tions (Reprint of August and October 1967 issues of PUBLIC 
| ROADS, a Journal of Highway Research). 45 cents. 
| Jonstruction Safety Requirements, Federal Highway Projects 
#} (1967). 50 cents. 
Jorrugated Metal Pipe Culverts (1966). 25 cents. 
‘reating, Organizing, & Reporting Highway Needs Studies 
(Highway Planning Technical Report No. 1) (1963). 15 cents. 
‘atal and Injury Accident Rates on Federal-Aid and Other High- 
way Systems, 1968. 45 cents. 
}federal-Aid Highway Map (42 x 65 inches) (1965). $1.50. 
‘ederal Laws, Regulations, and Other Material Relating to High- 
| ways (1965). $1.50. 
| ‘ederal Role in Highway Safety, House Document No. 93, 86th 
Cong., 1st sess. (1959). 60 cents. 
freeways to Urban Development, A new concept for joint 
}) development (1966). 15 cents. 
tuidelines for Trip Generation Analysis (1967). 65 cents. 
andbook on Highway Safety Design and Operating Practices 
+; (Supplement No. 1, November 1968. 35 cents). 40 cents. 
lighway Beautification Program. Senate Document No. 6, 90th 
{| Cong., Ist sess. (1967). 25 cents. 
| lighway Condemnation Law and Litigation in the United States 
(1968) : 
| Vol. 1—A Survey and Critique. 70 cents. 
| Vol. 2—State by State Statistical Summary of Reported High- 
} way Condemnation Cases from 1946 through 1961. $1.75. 
Tighway Cost Allocation Study: Supplementary Report, House 
Document No. 124, 89th Cong., Ist sess. (1965). $1.00. 
dJighway Finance 1921-62 (a statistical review by the Office 
} of Planning, Highway Statistics Division) (1964). 15 cents. 
lighway Planning Map Manual (1963). $1.00. 
ighway Research and Development Studies Using Federal-Aid 
Research and Planning Funds (1969). $1.50. 
dighway Statistics (published annually since 1945) : 
iT 1965, $1.00; 1966, $1.25; 1967, $1.75; 1968, $1.75. 
f (Other years out of print. ) 
| lighway Statistics, Summary to 1965 (1967). $1.25. 
lighway Transportation Criteria in Zoning Law and Police 
Power and Planning Controls for Arterial Streets (1960). 35 
{ cents. 
lighways and Human Values (Annual Report for Bureau of 
Public Roads) (1966). 75 cents. 
| Supplement (1966). 25 cents. 
lighways to Beauty (1966). 20 cents. 
ighways and Heonomie and Social Changes (1964). $1.25. 
| Tydraulic Engineering Circulars: 
No. 5—Hydraulie Charts for the Selection of Highway Cul- 
verts (1965). 45 cents. 
No. 10—Capacity Charts for the Hydraulic Design of High- 
way Culverts (1965). 65 cents. 
No. 11—Use of Riprap for Bank Protection (1967). 40 cents. 


No Doi C0 oO [Tio D) Oman OGO C7 00 

















Hydraulic Design Series: 
No. 2—Peak Rates of Runoff From Small Watersheds 
(1961). 30 cents. 
No. 3—Design Charts for Open-Channel Flow (1961). 70 


cents. 
No. 4—Design of Roadside Drainage Channels (1965). 65 
cents. 


Identification of Rock Types (revised edition, 1960). 20 cents. 
Request from Bureau of Public Roads. Appendix, 70 cents. 
The 1965 Interstate System Cost Estimate, House Document No. 
42, 89th Cong., 1st sess. (1965). 20 cents. 
Interstate System Route and Log Finder List (1963). 10 cents. 
Labor Compliance Manual for Direct Federal and Federal-Aid 
Construction, 2d ed. (1965). $1.75. 
Amendment No. 1 to above (1966). $1.00. 

Landslide Investigations (1961). 30 cents. 

Manual for Highway Severance Damage Studies (1961). $1.00. 

Manual on Uniform Traffic Control Devices for Streets and High- 

ways (1961). $2.00. 
Part V only of above—Traffic Controls for Highway Construe- 
tion and Maintenance Operations (1961). 25 cents. 

Maximum Desirable Dimensions and Weights of Vehicles Oper- 
ated on the Federal-Aid Systems, House Document No. 354, 
88th Cong. 2d sess. (1964). 45 cents. 

Modal Split—Documentation of Nine Methods for Estimating 
Transit Usage (1966). 70 cents. 

National Driver Register. A State Driver Records Exchange 
Service (1967). 25 cents. 

National Highway Needs Report, H. Comm. Print 90-22 90th 
Cong. 2d sess. (1968). 25 cents. Supplement 10 cents. 

The National System of Interstate and Defense Highways (1969). 
15 cents. 

Overtaking and Passing on Two-Lane Rural Highways 
ture Review (1967). 20 cents. 

Presplitting. A Controlled Blasting Technique for Rock Cuts 
(1966). 30 cents. 

Proposed Program for Scenic Roads & Parkways (prepared for 
the President’s Council on Recreation and Natural Beauty), 
TOG Gach 

Reinforced Concrete Bridge Members—Ultimate Design (1969). 
45 cents. 

Reinforced Concrete Pipe Culverts—Criteria for Structural De- 
sign and Installation (1963). 30 cents. 

Road-User and Property Taxes on Selected Motor Vehicles 
(1968). 45 cents. 

Role of Economic Studies in Urban Transportation Planning 
(1965). 65 cents. 

The Role of Third Structure Taxes in the Highway User Tax 
Family (1968). $2.25. 

Specifications for Aerial Surveys and Mapping by Photogram- 
metrical Methods for Highways (1968). $1.25. 

Standard Alphabets for Highway Signs (1966). 30 cents. 

Standard Land Use Coding Manual (1965). 50 cents. 

Standard Plans for Highway Bridges: 

Vol. I—Concrete Superstructures (1968). $1.25. 

Vol. II—Structural Steel Superstructures (1968). $1.00. 
Vol. I1J—Timber Bridges (1969). 75 cents. 

Vol. [V—Typical Continuous Bridges (1969). $1.50. 

Vol. V—Typical Pedestrian Bridges (1962). $1.75. 

Standard Specifications for Construction of Roads and Bridges 
on Federal Highway Projects (1969). $38.50. 

Standard Traffic Control Signs Chart (as defined in the Manual 
on Uniform Traffic Control Devices for Streets and Highways). 
22 x 34, 20 cents—100 for $15.00. 11 x 17, 10 cents—100 for 
$5.00. 

Study of Airspace Utilization (1968). 75 cents. 

Traffic Safety Services, Directory of National Organizations 
(1963). 15 cents. 

Transition Curves for Highways (1940). $2.50. 

Ultrasonic Testing Inspection for Butt Welds in Highway and 
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TITLE SHEET, VOL. 35 


The title sheet for vol. 35, Apr. 1968-Feb. 1970, of 
PUBLIC ROADS, A Journal of Highway Research, is 
now available. This sheet contains a chronological list of 
article titles and an alphabetical list of authors’ names. 
Copies of this title sheet can be obtained by sending a re- 
quest to the managing editor of the magazine, Bureau of 
Public Roads, Federal Highway Administration, Washing- 
ton, D.C. 20591. 
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